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ADVERTISEMENT

THE necessity of -reprinting the Author’s Natural
Philosophy, has given him an opportunity of reviewing
and correcting the whole, and of making many changes,
which could not have been done on stereotype plates.
In addition to these corrections, he has added about
forty pages of letterpress, and more than twenty new
cuts, chiefly on the subjects of the Steam Engine and
Electro-Magnetism. . Both these subjects the Author
has taken great pains.to explain and illustrate, in
such a manner as to make them understood by the
pupil. The mechanical principles on which this
engine acts, it will be allowed, have been comprehend-
ed only by a very few? while the subject of electro-
magnetism has become exceedingly interesting, on

“account of recent attempts to make its force a motive

power. The whole work has been newly stereotyped;
and on ali accounts, therefore, it is believed, will be
much more acceptable to the public than formerly.

_ J. L. C.
Hartford, Ct., May, 1838,
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Ciue

WamLe we have recent and improved syst‘e‘l"ﬂs' of Geogra-
phy, of Arithmetic, and of Grammar, in ample variety,—and
Reading and Spelling Books in corresponding abundance,
many of which show our advancement in the science of edu-

"cation, no one has offered to the public, for the use of our

schools, any new or improved system of Natural Philosophy.
And yet this is a branch of education very extensively studied
at the present time, and probably would be much more so,
were some of its parts so explained and illustrated as to make

‘them more easily understood.

The author therefore undertook the following work at the
suggestion of several eminent teachers, who for years have
regretted the want of a book on this subject, more familiar
in its explanations, and more ample in its details, than any
now in common use. '

The Conversations on Natural Philosophy, a foreign work i

now extensively used in schools, though beautifully written,

and often highly interesting, is, on the whole, considered by

most instructors as exceedingly deficient—particularly in
wanting such a method in its explanations, as to convey to
the mind of the pupil precise and definite ideas ; and also in
the omission of many subjects, in themselves most useful to
the student, and at the same time most easily taught.

It is also doubted by many instructors, whether Conversa-
tions is the best form for a book of instruction, and particu-
farly on the several subjects embraced in a system of Natu-.
ral Philosophy. Indeed, those who have had meost experi-
ence as teachers, are decidedly of the opinion that it is not;
and hence, we learn, that m those parts of Europe where the
subject of education has received the most attention, and,
consequently, where the best methods of conveying instruc-
tion are supposed to have been adopted, school books, in the

_form of conversations, are at present entirely out of use.

1+

N2BOUBS



6 PREFACE.

The author of the following system hopes to have illustra. -
ted and explained most subjects treated of, in a manner so
familiar as to be understood by the pupil, withont requiring
additional diagrams, er new modes of explanations from the
teacher.

Every one who has attempted to make himself master of
a difficult proposition by means of diagrams, knows that
the great number of letters "of reference with which they
are sometimes loaded, is often the most perplexing part of
the subject, and particularly when one figure is made to an-
swer several purposes, and is placed at a distance from the
explanation, To avoid this difficulty, the author has intro-
duced additional figures to illustrate the different parts of the
subject, instead of referring back to former ones, so that the
student is never perplexed with many letters on any one fig-
ure. The figures are also placed under the eye, and in im-
mediate connexion with their descriptions, so that the letters
of reference in the text, and those on the diagrams, can be
seen at the same time. In respect to the language employed,
it has been the chief gbject of the author to make himself
understood by those who know nothing of mathematics, and
who, indeed, had no previous knowledge of Natural Philoso-
phy. Terms of science have therefore been as much as pos-
sible avoided, and when used, are explained in connexion
" with the subjecte to which they belong, and, it is hoped, to
the comprehension of common readers. This method was
thought preferable to that of adding a glossary of scientific
terms. :

The author has also endeavoured to illustrate the subjects as
much as possible by means of common occurrences, or Com
mon things, and in this manner to bring philosophical truths
as much as practicable within ordinary acquirements. It is
hoped, therefore, that the practical mechanic may take some
useful hints concerning his busineas, from several parts ot
the work.

Hartford, May, 1380,
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NATURAL PHILOSOPHY.

THE PROPERTIES OF BODIES..

1. A Bopoy is any substance of which we can gain e
knowledge by our senses. Hence air, water, and earth,
in all their modifications, are called bodies. '

2. There are certain properties which are common to all
bodies. These are called the essential properties of bodies.
They are Impenetrability, Extension, Figure, Divisibility,
Inertia, and Attraction.

3. ImpENETRABILITY.—By impenetrability, it is meant
that two bodies cannot occupy the same space at the same
time, or, that the ultimate t:rticles of matter cannot be pene-
trated. Thus, if a vessel be exactly filled with water, anda
stone, or any other substance heavier than water, be dropped
into it, a quantity of water will overflow, just equal to the
size of the heavy body. This shows that the stone only
separates or displaces the particles of water, and therefore
that the two substances cannot exist in the same place at the
same time. If a glass tube open at the bottom, and closed
with the thumb at the top, be pressed down into a vessel of"
water, the liquid will ‘not rise up and fill the tube, because
the air already in the tabe resists it; but if the thumb be re-
moved, so that the air can pass out, the water will instantly
rise as high on the inside of the tube as it is on the outside,
This shows that the air is impenetrable to the water.

4. If anail bedriven into a board, in common language, it
is said to penetrate the wood, but in the language of philoso-
phy it onr; separates, or displaces the particles of the wood.

‘What isa body 7 Mention several bodies. 'What are the essential
properties of bodies? What is meant by impenelrability? How is it
ved that air and water are impenetrable? When a nail is driven
into a board or piece of lead, are the particies of thewe bodies
or separated 7 '
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The same is the case, if the nail be driven into a piece of
lead ; the particles of the lead are separated from each other,
and crowded together, to make room for the harder body,
but t,helparticles themselves are by no means penetrated by
the nail. . .

5. When a piece of gold is dissolved in an acid, the par-
ticles of the metal are divided, or separated from each other,
and diffused in the fluid, but the particles of gold are suppo-
sed still to be entire, for if the acid be removed, we obtain
the gold again in its solid form, just as though its particles
had never been separated. '

6. ExTensioN.—Every body, however small, must have
length, breadth, and thickness, since no substance can exist
without them. By extension, therefore, is only mesnt these
qualities. Extension has no respect to the size, or shape of
a body. The size and shape of a block of wood a foot
square is quite different from that of a walking stick. But
they both equally possess length, breadth, and thickness, since
the ‘stick miﬁht be cut into little blocks, exactly resembling
in shape the large one. And these little cubes might again
be divided until they were only the hundredth part of an inch
in diameter, and still it is obvious, that they would possess
length, breadth, and thickness, for they could yet be seen,
felt, and measured. But suppose each of these little blocks
to be again divided a thousand times, it is true we could not
measure them, but still they would possess the quality of ex~
tension, as really as they did before division, the only differ-
ence being in respect to dimensions.

7. F1GURE, or form, is the result of extension, for we can-
not conceive that a body has length and breadth, without its
also having some kind of figure, however irregular.

8. Some solid bodies have certain or determinate forms
which are produced by nature, and are always the same
wherever theyare found. Thus, a crystal of quartz hassix
sides, while a gamet has twelve sides, these numbers being
invariable. Some solids are so irregular, that they cannot
be compared with any mathematicsﬁ figure. This is the
case with the fragments of a broken rock, chips of wood,
fractured glass, &c. .

Ave the particles of gold dissolved, or only separated, by the acid 3
‘What is meant by extension? In how many directions do bodies pos
sess extension ¥ Of what is figure, or form, the result 7 Do all bodies

ss fisure? What solids are regular in their forms ? What be-
ies are irvegular 1
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9. Fluid bodies have no determinate forms, but take their
shapes from the vessels in which they happen to be placed.
10. DivisiBiriTy.—By.the divisibility of matter, we
mean that a body may be divided into parts, and that these
parts may again be divided into other parts.

11. Tt is quite obvious, that if we break a piece of marble
into two parts, these two parts may again be divided, and
that the process of division may be' continued until these

are so small as not individually to be seen or felt.

ut as every body, however small, must possess extension
and form, 80 we can conceive of none so minute but that it may
again bedivided. There is, however, possibly a limit, beyond
which bodies cannot be actually divided, for there may be
reason to believe that the atoms of matter are inidvisible
by any means in our power. But under what circumstances

i taies place, or whether itis in the power of man during
bis whole life, to pulverize any substance so finely, that it
may not again be broken, is unknown,

- 12. We can conceive, in some degree, how minute must
be the particles of matter from circumstances that every day
come within our knowledge. :

13. A_single grain of musk will scent a room for years,
and still lose no appreciable part of its weight. Here, the
particles of musk must be floating in the air of every part
of the room, otherwise they could not be every where per-
ceived.

14. Gold is hammered so thin, as to take 282,000 leaves
to make an inch in thickness. Here, the particles still ad-
here to each other, notwithstanding the great surface which
they cover,—a single grain being sufficient to extend over a
surface of fifty square inches.

15. The ultimate particles of matter, however widely they
mady be diffused, are not individually destroyed, or lost, but
under certain circumstances, may again be collected into a
body without change of form. Kiercury, water, and many
other substances, may be converted into vapor, or distilled in
close vessels, without any of their particles being lost. In

‘What is meant by divisibility of matter? 1Is there any limit to the
divisibility of matter ? Are the atoms of matter divisible? What ex-
amples are given of the divisibility of matter 7 How many leaves of

does it take to make an inch in thickness? How many square
inches may a grain of gold be made to cover? Under what circum-
:‘:‘e;a may the particles of matter again be collected in their original
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such cases, there is no decomposition of the substances, but
aply a change of form by the heat, and hence the mercary
water assume their original state again on cooling.

16. When bodies suffer decomposition or decay, their el-
ementary particles, in like manner, are neither destroyed
nor lost, but only enter into new arrangements or combina-
tions with other bodies.

17. When a piece of wood is heated in a close vessel, such
as a retort, we obtain water, an acid, several kinds of gas. and |
there remains a black, porous substance, called charcoal.
The wood is thus decomposed, or destroyed, and its particles
take a new arrangement, and assume new forms, but that
nothing is lost is proved by the fact, that if the water, acid,
gasses, and charcoal, be collected and weighed, they will
be found exactly as heavy as the wood was, before distillation.

18. Bones, flesh, or any animal substance, may in the
same manner be made to assume new forms, without losing
a particle of the matter which they orifinally contained.

19. The decay of animal or vegetable bodies in the open
air, or in the ground, is only a process by which the particles
of which they were composed, change their places, and as-
sume new forms.

20. The decay and decomposition of animals and vegeta-
bles on the surface of the earth form the soil, which nou-
rishes the growth of plants and other vegetables; and these,
in their turn, form the nutriment of animals. Thus is there
a perpetual change from death to life, and from life to death,
and as constant a succession in the forms and places, which
" the particles of matter assume. Nothing is lost, and not a
particle of matter is struck out of existence. The same mat-
ter of which every living animal, and every vegetable, was
formed, before and since the flood, is still in existence. As
nothing is lost or annihilated, so it is probable that nothing
has been added, and that we, ourselves, are composed of par-
ticles of matter as old as the creation. In tune, we must,in
our turn, suffer decomposition, as all forms have done before
us, and thus resign the matter of which we are composed, to
form new existences.

21. INERTIA.—Inertia means passiveness or want of

‘When bodies suffer deca{, are their particles lost? What becomes
of the particles of bodies which decay 1 Is it probable that any matter
has been annihilated or added, xee the first creation? ‘What is said
of the particles of matter of which we are made? What does inertia
mean :
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power. Thus matter is, of itself, equally incapable of pue-
ting iteelf in. motion, or of bringing itself to rest when in
motion. - '

22. It is plain that a. rock on the surface of the earth,
never changes its position in respect to other things on the
earth. It has of itself ne power to move, and would, there-
fore, for ever lie still, unless moved by some external force. .
This fact is proved by the experience of every person, for
“we see the same objects lying in the same positions all our *
tives. Now, it is just as true, that inert matter has no pow-
ar-to bring itself to rest, when once put in motion, as it is,
that it cannot put itself in motion, when at rest, for havin
no life, it is perfectly passive, both to motion and rest, an
therefore either state depends entirely upon circumstances.

23. Common experience proving that matter does not
pat itself in motion, we might be led to believe, that rest is
the natural state of all inert bodies, but a few considerations
will show, that motion is as much the natural state of mat-
ter as rest, and that either state depends on the resistance, or
impulse, of external causes. ‘

-24. If a cannon ball be rolled upon the ground, it will
soon cease to move, because the ground is rough, and pre-
sents impedimenits to its motion; but if it be rolled on the
ice, its motion will continue much longer, because there are
fewer impediments, and eonsequently, the same forge of im-
pulse will carry it much farther. "We see from this, that
with the same impulse, the distance to which the ball will
move must depemf on the impediments it meets with, or the
resistance it has to overcome. But suppose that the ball
and ice were both so smooth as to remove as much as pos-
sible the resistance caused by friction, then it is obvious that
the ball would continue to move longer, and go to a greater
distance. Next suppose we avoid the friction of the ice, and
throw the ball through the air, it would then continue in
motion still longer with the same force of projection, be-
tause the air alone, presents less impediment than the air
and ice, and there is now nothing to oppose its constant mo-
tion, except the resistance of the air, and its own weight, or

gravity. ,
25. If the air be exhausted, or puraped out of a vessel by

Is rest or motion the natural state of matter? Why does the ball
roll l‘mhe; Oll: the ie; than 'gn the du‘l ble‘hat does this rove{
‘Why, with the same foree of projection, will a ball move farther
tbui:'t.hnxmntheim‘!2 Fe3 !
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means of an ‘air puitip, and a common top, with a small, hard
int, be set in motion in it, the top will continue to-spin for
ours, because the air does not resist its motion. A pendu-
lum, set in motion, in an exhausted vessel, will continue to
swing, without the help of clock work, for a whole day, be-
cause there is nothing to resist its perpetual motion, but the
small friction at the point where it is suspended, and gravity.

26. We see, then, that it is the resistance of the air, of fric-

tion, and of gravity, which causes bodies once in motion to
cease moving, or come to rest, and that dead matter, of itself,
is equally incapable of causing its own motion, or . its own.
rest. .
27. We have perpetual examples of the truth of this doc
trine, in the moon, and other planets. These vast bodies
move through spaces which are void of the obstacles of air
and friction, and their motions are the same that they wers
thousands of years ago, or at the beginning of creation.

28. ArTrACTION.—DBy attraction is meant that property,
or quality in the particles of bodies, which make them tend
toward each other.

29. We know that substances are composed of small
atoms or particles of matter, and that it is a collection of these,
united together, that forms all the objects with which we are
. acquainted. Now, when we come to divide, or separate any
substance into, parts, we do not find that its particles have
been united or kept together by glue, little nails, or any such
mechanical means, but that they ecling together by some
power, not obvious to our senses. This power we call at-
traction, but of its nature or cause, we are entirely ignorant.
Experiment and observation, however, demonstrate, that this
power pervades all material things, and that under different
modifications, it not only makesthe particles of bodies adhere
to cach other, but is the cause which keeps the planets in
their orbits as they pass through the heavens.

30. Attraction has received different names, according to
the circumstances under which it acts.

81. The force which keeps the particles of matter to-

‘Why will atop spin, or a pendulum swing, longer in an exhausted
vessel than in the air? 'What are the causes which resist the perpetual
motion of bodies? Where have we an ex%e of continued motion
without the existence of air and friction 7 at is meant by attrac-

* tion? What is known about the eause of attraction? Is attraction

common to all kinds of matter, dr not? What effect does this power
bave upon the planets? Why has attraction received different namee 2.
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Euher, to form bodies, or masses, is called attraction of co-
esion. 'That which inclines different masses towards each
other, is called " attraction of gravitation. That which
causes liquids to rise in tubes, is called capillary attraction.
That ‘which forces the particles of substances of different
kinds to unite, is known under the name of chemical at-
traction. That which causes the needle to point constantly
towards the poles of the earth is magnetic attraction; and
that which. is excited -by friction in certain substances, is
known by the name of electrical attraction. :

32. The following illustrations, it is hoped, will make
each kind of attraction distinct and obvious to the mind of
the student.

33. ArTrACTION OoF CoOHESION acts only at insensible
distances, as when the particles of bodies apparently touch
-each other.

34. Take two pieces of lead, of a round form, an inch in
diameter, and two inches long ; flatten one end of each, and
make through it an eye-hole for a string. Make the other
ends of each as smooth as possible, by cutting them with a
sherp kmife. If now the smooth surfaces be brought to-
gether, with a slight turning pressure, they will adhere
with such force that two men can hardly pull them apart by
the two strings. : ,

35. In like manner, two pieces of plate glass, when their
surfaces are cleaned from dust, and they are pressed to-
gether, will adhere with considerable force. Other smooth
substances present the same phenomena. ‘

36. This kind of attraction is much stronger in some
bodies than in others. Thus, it is stronger in the metals
than in most other substances, and in some of the metals it
is stronger than in others. In general, it is most powerful
among the particles of solid bodies, weaker among those of
liguids, and probably entirely wanting among elastic fluids,
such as air, and the gases.

87. Thus,a small iron wire will hold a suspended weight
of many pounds, without having its particles separated ; the

- How many kinds of attraction are there? How does the attraction
of cohesion operate? What is meant by attraction of gravitation 3
What by capillary attraction? What by chemieal attraction ? What
is that which makes the needle point towards the pole? How is eleo-
trical attraction excited? Give an expmple of cohesive attraction?
In what substances is cohesive attraction the strongest 7 In what sub~
stance is it weakest ? .
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particles af water are divided by a very small foree, while
those of air are still more easily moved among each other.
These different properties depend on the force of cohesion
with which the several particles of these bodies are united.

38. When the particles of fluids are left to arrange them-
selves according to the laws of attraction, the bodies which
they compose assume the form of a globe or ball.

39. Drops of water thrown on an oiled surface or on wax
—g of mercury,~hail stones—a drop of water ad-
hering to the end of the finger,—tears running down the
cheeks, and dew d on the leaves of plants, are all
examples of this law of attraction. The manufacture of shot
is also a striking illustration. The lead is melted and
poured into a gieve, at the height of about two hundred feet
from the ground. The stream of lead, immediately after
leaving the sieve, separates into round globules, which, be-
fore they reach the ground, are cooled and become solid,
and thus are formed the shot used by sportsmen.

40. To account for the globular form in all these cases,
we have enly to comsider that the particles of matter are
wautually sttracted towards a common centre, and in liquids
being free to move, they arrange themselves accordingly.

41. In all figures exceg:: the globe, or ball, some oly the

articl&sﬂmustpel; niarer. t 3’ centre than othea‘la. Butina
is ectly round, every part of the outside is
evally at the same d!atance from the centre.

42. Thus, the cormers of a cube, or Fig. L,
square, are at much greater distances
frem the centre, than the sides, while the
circumference of a circle or ball is every )

where at the same distance from it. Thas
. difference is shown by fig. 1, and it is
quite obvious, that if the particles of
matter are equally attracted towards the
common centre, and are free to arrange
themselves, mo other figure could possibly be formed, since
then every part of the outside js equally attracted.

43. The sun, earth, moon, and indeed all the heavenly

‘Why are the particles of fluids more easily separated than those of
- pelide Whmﬁvmdqﬂuidn:ke,whenthex’rpanidumleﬂmtheir
mumqneqﬂ Give examples of thislaw. How is the globular
form which liquids assume accounted for? If the particles of a body
ave fiee 40 move, and are oqually attracted to the cenwe, what
must be its figure? Why must the figure be a globe?
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dodies, are illustrations of this law, and therefore were pro-
bably in so soft a state when first formed, as to allow their
particles freely to arrange themselves accordingly.

44. ATTRACTION OF GRAVITATION.—As the attraction of
ctohesion unites the particles of matter into masses or bodies,
so the attraction of gravitation tends to force these masses
towards each other, to form those of still greater dimensions.
The term gravitation, does not here strictly refer to the
weight of bodies, but to the attraction of the masses of matter
towards each other, whether downwards, upwards, or hori-
zomall{; ,

45. The attraction of gravitation is mutual, since all
bodies not only attract other bodies, but are themselves at-
tracted.

46. Two caunon balls, when suspended by Fig. 2.
long cords, so as to hang quite near each other,
are found to exert a mutual attraction, so that
neither of the cords is exactly perpendicular
but they approach each other, as in fig. 2.

47. In the same manner, the heavenly bo-
dies, when they approach each other, are drawn
out of the line of their paths, or orbits, by mu-
tual attraction.

48. The force of attraction increases in pro-
portion as bodies approach each other, and by
the same law it must diminish in proportion as
they recede from each other.

49. Attraction, in technical language, is in- g ‘

versely as the squares of the distances between
the two bodies. That is, in proportion as the
square of the distance increases, in the same
proportion attraction decreases, and so the contrary. Thus,
if at the distance of 2 feet, the attraction be equal to 4 pounds,
at the distance of 4 feet, it will be only 1 pound; for the
square of 2 is 4, and the square of 4 is 16, which is 4 times
the square of 2. On the contrary, if the attraction at the
distance of 6 feet.be 3 pounds, at the distance of 2 feet it
will- be 9 times as much, or 27 pounds, because 36, the
square of 6, is equal to 9 times 4, the square of 2. '

‘What great natural bodies are examples of this law? 'What is meant
by attraction of gravitation? Can one body attract another without
being itself attracted ? How is it proved that godie- attract each other
By what law, or rule, does the force of attraction increase? Give an
oxample of this rulo.z. T
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50. The intensity of light is found to incrcase and ai-
minish in the same propertion. Thus, if & board a foos
square, be placed at tge istance of ome foot from a candle,
it wil] be found to hide the light from another hoard of two
feet square, at the distance of two feet from the candle. Now
a board of two feet square is just four times as large as one
of one foot square, and therefore the light at dcuble the dis-
tance being spread over 4 times the surface, has only one
fourth the atensity.

51. The expe- , Fig. 3.
riment may be ea-
sily tried, or may
be readily under- -

stood by fig. 8, : A P
where ¢ repre- ¢ QEQ e
septs the eandle, =

A, the small
b?ard, and B the large one; B being four times the size
of A o

The force of the attraction of gravitation, is in proportion
to the quantity of matter the attracting body comtains.

Somie bodies of the same bulk contain a ‘much greater-
quantity of matter than others: thus, a piecs of lead con-

tains about twelve times as much matter as a piece of cork

of the same dimensions, and therefore a piece of lead of an
given size, and g piece of cork twelve times as large, will
attract each other equally.

52, CariLrarYy ATTRACTION.—The force by which
small tubes, or porous substances, raise liquids above their,
levelg, is called capillary attraction,

If a small glass tube be placed in water, the water on the
instde will be raised above the level of that o the outside of
the tube. The cause of this seems to be nothing more than
the ordinary attraction of the particles of maatter for each
other. The sides of a small orifice are so near each other,
as to attract the particles of the fluid on their opposite sides,
and as all attraction is strongest in the direction of the

How is it shown that the intensity of l;ght increases and diminishes
in the same proportion as the attraction of matter 7 Do bodies attract
in proportion to bulk, or quantity of matter? What would be the dif-
ference of attraction between a cubic inch of lead, and a cubic inch of
cork? Why would there be so much difference _What is meant b
capillary ;:t;aotion‘l How is this kind of attraction illustrated wi
& glass tul
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greatest quantity of matter, the water is raised upwards, or
i the direction of the length of the tube. On 51:‘ outside
of - the tube, the opposite surfaces, it is obvious, cannot act
on the zame column of water, and therefore the influence
of attraction is here hardly perceptible in raising the fluid.
This seems to be the reason why the fluid rises higher on
the inside than on the outside of the tube.

53. A great variety of porous substances are capable of
this kind of attraction.” If a piece of sponge or a lump of
sugar be placed, so that its lowest corner touches the water,
the fluid will rise up and wet the whole mass. In the same
manner, the wick of a lamp will carry up the oil to supply
the flame, though the flame 1s several inches above the level
of the oil. If the end of a towel happens to be left in a
basin of water, it will empty the basin of its contents. And
on the same principle, when a dry wedge of wood is driven
into the crevice of a rock, and afterwards moistened with
water, as when the rain falls upon it, it will absorb the
water, swell, and sometimes split the rock. In Germany,
mill-stone quarries are worked in this mamer. '

54. CuEMicaL ATTRACTION takes place between the

rticles of substances of different kinds, and unites them-
into one compound.

-55. This species of attraction takes place only between
the particles of certain substances, and is not, therefore, a
universal property. It is also known under the name of
chemical affinity, because it is said, that the particles of sub.
stances having an affinity between them, will unite, while
those having no affinity for each other do not readily enter
into union.

56. There seems, indeed, in this respect, to be very sin-
gular preferences, and dislikes, exiatin? among the particlédd
of matter. Thus, if a piece of marble be thrown into sul-
phuric acid, their particles will unite with great rapidity
and commotion, anrthem will result a compound differing
in all respects from the acid or the marble. But if a piece
of glass, quartz, gold, or silver, be thrown into the acid, no
change is pfduced on either, because their particles have
no affinity. v :

‘Why does the water rise higher in the tube than it does on the out-
side? Give some common illustrations of this principle. What is the
effect of chemical attraction? By what other name is this kind of at-
traction known? ‘What effeet is produced when marble and sulphurie
acid are brought together? What is the effect when glass and this
acid are t together 7 What 18 the reason of this difference ?
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Sulphur and quicksilver, when hected'toiether, will form
a beautiful red compound, known under the name of ver-
milion, and which has none- of the qualities of. sulphur or
quicksilver. - :

57. Oil and water have no affinity for each other, but
potash has an attraction for hoth, and therefore oil and water
will unite when potash is mixed with them. In this man-
ner, the well known article called soap is formed. But the
potash has a stronger attraction for an acid than it has for
either the oil or the water; and therefore when soap is
mixed with an acid, the potash leaves the oil, and unites
with the acid, thus destroying the old compound, and at the
same instant forming anew one. The same happens when
soap is dissolved in any water containing an acid, as the
water of the sea, and of certain wells. The potash forsakes
the oil, and unites with the acid, thus leaving the oil to rise
to the surface of the water, . Such waters are called hard,
and will not wash, because the acid renders the potash a
neutral substance.

58. MaeNETIC ATTRACTION.—There is a certain ore of
iron, a piece of which, being suspended by a thread, will
always turn one of its sides to the north. This is called the
load-stone, or natural Magnet, and when it is brought near
a piece of iron, or steel, a mutual attraction takes place, and
under certain circumstances, the two bodies wilrcome to-
gether and adhere to each other. This is called Magnetic
Attraction. . When a piece of steel or iron is rubbed with

"a Magnet, the same virtue is communicated to the steel, and
it will attract other pieces of steel, and if suspended by a
string, one of its ends will constantly point towards the
north, while the other, of course, points towards the south.
This is called an artificial Magnet. The magnetic needle
is a piece of steel, first touched with the loadstone, and then
suspended, so as to turn easily on g point. By means of this
instrument, the mariner guides his ship through the path-
less ocean. See Magnetism.

59. ELecTRICAL ATTRACTION.—When a piece of glass,
or sealing wax, is rubbed with the dry hand, ®r a piece of

How may oil and water be made to unite? What is the composi
tion thus formed called ? How does an acid destroy this compound
What is the reason that hard water will not wash? What is a na
tural magnet? What is meant by magnetic attraction? What is ax
artificial magnet? What is a magnetic needle? What is its use:
What is meant by electrical aiicuction !
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cloth, and then held towards any light substance, such as
hair, or thread, the light body will be attracted by it, and
will adhere for a moment to the glass or wax. The influ-
ence which thus moves the light body is called Electrical
Astraction. When the light body has adhered to the sur-
face of the glass for a moment, it is again thrown off, or
repelled, and this is called Electrical Repulsion. See Elec-
tracit

Y. , .

60. We have thus described and illustrated all the nni-
versal or inherent properties of bodies, and have also no-
ticed the several kinds of attraction which are peculiar, .
namely, Chemical, Magnetic, and Electrical. There are
still several properties to be mentioned. Some of them
belong to certain bodies in a peculiar degree, while other
bedies possess them but slightly. Others belong exclusively
to- certain substances, and not at all to others. These
properties are as follows.

61. DensiTv.—This property relates to the compactness
of bodies, or the number of particles which a body contains
within a given bulk. It is closeness of texture. Bodies
which are most dense, are those which contain the least
pumber of pores. Hence the density of the metals is much
greater than the density of wood. Two bodies being of

ual bulk, that which weighs most, is most dense. Some
of the metals may have this quality increased by hammer-
ing, by which their pores are filled up and their particles
are brought nearer to each other. The density of air is
increased by forcing more into a close vessel than it natu-
rally contained.

62. RariTy.—This is the quality opposite to density,
and means that the substance to which it is applied is po-
rous, and light. Thus air, water, and ether, are rare sub-
stances, while gold, lead, and platina, are dense bodies.

63. Harongss.—This property is not in proportion, as
might be expected, to the density of the substance, but to the
force with which the particles of a body cohere, or keep
their places. Glass, for instance, will scratch gold or pla-
tina, though these metals are much more dense than glass.
It is probable, therefore, that these metals contain the

‘What is electrical repulsion? What is density 7 'What bodies are
most dense? How may this quality be increased in the metals? 'What
israrity 7 'What are rare bodiés? What are dense bodien? How
dnc.ha;dmldiﬂ'ufrom density? Why will glass scratch gold er
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greatest number of particles, but that those of the glass are
more firmly fixed in their places.

Some of the metals can be made hard or soft at pleasure.
Thus steel when heated, and then suddenly cooled, becomes
harder than glass, while if allowed to cool slowly, it is soft
and flexible.

64. ErasTiciTY is that property in bodies by which,
after being forcibly compressed or bent, they regain their
original state when the force is removed.

Some substances are highly elastic, while others want
this property entirely. The separation of two bodies after
impact, or striking together, is a proof that one or both are
elastic. In general, most hard and dense bodies, possess
this quality in greater or less degree. Ivory, glass, marble,
flint, and 1ce, are elastic solids. An ivory ball, dropped
upon a marble slab, will bound nearly to the height from
which it fell, and no mark will be left on either. India
rubber is exceedingly elastic, and on being thrown for-
cibly against a hard body, will bound to an amazing
distance.

Putty, dough, and wet clay, are examples of the entire
want of elasticity, and if either of these be thrown against
an impediment, they will be flattened, stick to the place
they touch, and never, like elastic bodies, regain their for-
mer shapes.

Among fluids, water, oil, and in general all such sub-
stances as are denominated liquids, are nearly inelastic,
;vhile air and the gaseous fluids, are the most elastic of all

odies.

65. BriTTLENESs is the property which renders sub-
stances easily broken, or separated into irregular fragments.
This property belongs chiefly to hard bodies.

It does not appear that brittleness is entirely opposed to
elasticity, since In many substances, both these properties
are united. Glass is the standard, or type of brittleness, and
yet a ball, or fine threads of this substance, are highly elas-
tic, as may be seen by the bounding of the one, and the
springing of the other. Brittleness often results from the

‘What metal can be made hard or soft at pleasure? What is meant

" by elasticity ? How is it known that bodies possess this ]l)ropertﬁg
hge olid

ntion several elastic solids. Give examples of inelastic s
liquids possess this property 2 What are the most elastic of all sub-
stances? What is brittleness? Are brittleness and elasticity eves
found in the same substance? Give examples.
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treatment to which substances are submitted. Iron, steel,
brass, and copper, become brittle when heated and suddenly
cooled ; but if cooled slowly, they are not easily broken.

66. MaLLEABILITY.—Capability of being drawn under
the hammer, or rolling press. This property belongs to
some of the metals, but not to all, and 1s of vast importance
to the arts and conveniences of life.

The Malleable metals are, gold, silver, 1ron, copper, and
some others. Antimony, bismuth, and cobalt, are brittle
metals. Brittleness is therefore the opposite of malleability.

Gold is the most mallcable of all substances. It may be
drawn under the hammer so thin that light may be seen
tllz:l':ugh it. Copper and silver are also exceedingly malle-
able.

67. DucTiLITY, is that property in substances which ren-
ders them susceptible of being drawn into wire.

‘We should expect that the most mallcable metals would
also be the most ductile; but experiment proves that this is
not.the case. Thus, tin and lead may be drawn into thin
reaves, but cannot be drawn into small wire. Gold is the
most malleable of all the metals, but platina is the most
ductile. Dr. Wollaston drew platina into threads not much
larger than a spider's web.

68. TENAcITY, in common language called toughness,
refers to the force of cohesion among the particles of bodies.
Tenacious bodies are not easily pulled apart. There isa
remarkable difference in the tenacity of different substances.
Some possess this property in a surprising degree, while
others are torn asunder by the smallest force.

Among the malleable metals, iron and steel are the most
tenacious, while lead is the least so. Steel is by far the most
tenacious of all known substances. A wire of this metal,
no larger than the hundredth part of an inch in diameter.
sustained a weight of 134 pounds, while a wire of platina of
the same size would sustain a weight of only 16 pounds,
and one of lead only 2 pounds. Steel wire will sustain
39,000 feet of its own length without breaking.

How are iron, steel, and brass, made brittle? What does mallea-

bility mean? What metals are malleable, and what ones are brittle ?.

‘Which is the most malleable metal? What is meant by ductilit{'l
Are the most malleable metals the most ductile? 'What is meant by
tenacity 7 From what does this property arise? What metals are
most tenacious? What proportion does the tenacity of steel bear to

* that of platina and lead ?
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69. Recariruiarron.—The common, or essential pro-
rties of bodies, are, Impenetrability, Extension, Figare,
ivisibility, Inertin, and Attraction. Attraction is of several
kinds, namely, Attraction of cohesion, Attraction of grevita-
tion, Capillary attraction, Chemical attraction, Magnetic at-
traction, and Klectrical attraction. , :
70. The peculiar properties of bodies are, Density, Rari-
ty, Hardness, Elasticity, Brittleness, Malleability, Ductility,
- and Tenacity.

Force or GraviTy.

71. The force by which bodies are drawn towards each
other in the mass, and by which they descend towards the
earth when suspended or let fall from a height, is called the
force of gravity. (43.) :

72. Tﬁe attraction which the ‘earth exerts on all bodies
near its surface, is called terrestrial gravity, and the force
with which any substance is drawn downwards, is called ita
weight.

73. All falling bodies tend downwards towards the centre
of the earth, in a straight line from the point where they are
let fall. If then a body be let fall in any part of the world,
the line of its direction will be perpendicular to the earth’s
surface. It follows, therefore, Kat two falling bodies, on
opposite parts of the earth, mutually fall towards each other.

74. Suppose a cannon ball to be disengaged from a height
opposite to us, on the other side of the earth, its motion in
respect to us, would be upward, while the downward motion
from where we stand, would be upward in respect to those
who stand opposite to us, on the other side of the earth. .

75. In like manner, if the falling body be a quarter, in-
stead of half the distance round the earth from us, its line
of direction would be directly across, or at right angles with
the line already supposed. :

‘What are the essential properties of bodies? How many kinds of
attraction are there ? hat are the peculiar properties of bodies }
What is gravity? What is terrestrial gravity ? To what point in the
earth do falling bodies tend? In what direction will two falhng bo-
dies from opposite parts of the earth tend, in respect to each other ! In
what direction will one from half way between them meet theiz

ine
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76. Thiswill be readily - . Fig.4. )
understood by fig. 4, where 9
the circle is supposed to be
the circumference of the
earth, @, the ball falling to-
wards its upper surface,
where we stand ;. 4, a ball
falling towards the oppo-
site side of the earth, but d
ascending in respect to us;
and d, a ball descending at
the distance of a quarter of
the circle, from the other
two, and crossing the line -
of their direction at right
angles. 6 b

77. It will be obvious,
therefore, that what we call up and dpwn are merely relative
terms, and that what is down in respect to us, is up in re-
spect to those who live on the opposite side of the earth, and
so the contrary. Consequently, down every where means to-
wards the centre of the earth, and up from the centre of the
earth; because all bodies descend towards the earth’s centre,
from whatever part they are let fall. This will be apparent
when we consider, that as the earth turns over every 24
hours, we are carried with it through the points g, d, and 5,
fig. 4; and therefore, if a ball is supposed to fall from the
point a, say at 12 o'clock, and the same ball to fall again
from the same point above the earth, at 6 o’clock, the two
lines of direction will be at right angles, as represented in
the figure, for that part of the earth which was under 4 at
12 o’clock, will be under d at 6 o’clock, the earth having
in that time performed one quarter of its daily revolution.
At 12 o'clock at night, if the ball be supposed to fall again,
its line of direction will be at right angles with that of its
last descent, and consequently it will ascend in respect to
the point on which it fell 12 hours before, because the earth
would have then gone through one half her daily rotation,
and the point @ would be at b.

How is this shown by the figure ? Are the terms up and down rela-
tive, or positive, in their meaning? What is understood by down in ,
any part of the earth?  Suppose a ball be let fall at 12 and then at 6
o’chk, in what direction would the lines of their descent meet each
other? Suppose two balls to descend from op{osi&e sides of the earth,
what woul their direction in respect to each other ?

8
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The velocity or rapidity of every falling body, is uni~
formly accelerated, or increased, in its approach tuwards
the earth, from whatever height it falls.

78. If a rock is rolled from a steep mountain, its motion
is at first slow and gentle, but as it proceeds downward, it
moves with perpetually increased velocity, seeming to gath-
er fresh speed every moment, until its force is such
every obstacle is overcome; trees and rocks are beat from
its path, and its motion does not cease until it has rolled to
a great distance on the plain. - -

VELociTY oF FALLING Bobpies.

79. The same principle of increased velocity as bodies
descend from a height, 13 curiously illustrated [Zy pourin,
molasses or thick syrup from an elevation to the ground.
The bulky stream, of perhaps two inches in diameter, where
it leaves the vessel, as it descends, is reduced to the size of
a straw, or knitting needle; but what it wants in bulk is
made up in velocity, for the small stream at the ground,
will fill a vessel just as soon as the large one at the outlet.

80. For the same reason, a man may leap from a chair
without danger, but if he jumps from the house top, his
velocity becomes so much increased, before he reaches the
ground, as to endanger his life by the blow.

It is found by experiment, that the motion of a falling
body is increased, or accelerated, in regular mathematical
proportions.

81. These increased proportions do not depend on the
increased weight of the body, because it approaches nearer
the centre of the earth, but on the constant operation of the
force of gravity, which perpetually gives new impulses to
the falling-body, and increases its velocity.

82. It has been ascertained by experiment, that a body,
falling freely, and without resistance, passes through a space
of 16 feet and 1 inch during the first second of time. Leav-
ing out the inch, which is not necessary for our present
purpose, the ratio of descent is as follows.

83. If the height through which a body falls in one se-
cond of time be known, the height which it falls in any

What is said concerning the motions of falling bodies? How is
this increased velocity illustrated? 'Why is there any more danger in
jumping from the house top than from a chair? ‘What number of fest
dues a falling body pass thrugh.
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time may be computed. For since the height is
proportional to the square of :he time, the height through
which it will fall in two seconds will be fowr times that
which it falls through in one second. In three seconds it
will fall through nine times that space; in four seconds,
sizéeen times that of the first second ; in five seconds, twenty-
five times, and so on in this proportion.

84. The following, therefore, is a general rule to find
the height through which a body will fall in any given
time.

85. Rule—Reduce the given time to seconds; take the
square of the number of seconds in the time, and multiply
the.height through which the body falls in one second by
that number, and the result will be the height sought.

86. The following table exhibits the height and corres-
ponding times as far as 10 seconds.

| Time |1]2|8| 4 5| 6] 7| 8| 9] 10
Height |1 {49 I 16 | 25 l 36 |49 | 64 | 81| 100
87. Each unit in the upper row expresses a second of time,
and each unit in those of the second row expresses the
height through which a body falls freely in a second.

88. Now, as the body ﬁal{s at the rate of 16 feet during
the first second, this number, according to the rule, multi-
plied by the square.of the time, that is, by the numbers ex-
pressedy in the second line, will show the actual distance
through which the body falls.

89. Thus we have for the first second 16 feet; for the
end of the second, 4X16=64 foet; third, 9X16=144; fourth,
16X16=256 ; fifth, 25X16=400; sizth, 36X16=576; sev-
enth, 49X16=784; and for the 10 seconds 1600 feet.

90. If, on dropping a stone from a precipice, or into a
well, we count the seconds from the instant of letting it fall
antil we hear it strike, we may readily estimate the height
of the precipice, or the depth of the well. Thus, suppose it
is 5 seconds in falling, then we only have to square the
seconds, and multiply this by the distance the body falls in
one second. We have then 5X5=25, the square, which
25X16=246 feet, the depth of the well.

91. Thus it appears, that to ascertain the velocity with

If a body fall from a certain l::'ight in two seconds, what proportion
to this will it fall in four seconds? What is the rule by which the
Reight from which a body falls may be found 7 - How many feet does
abo;lxl_fallinoneueo ? How many feet will a body fall in nine
9ec0!
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which a body falls in any given time, we must know how
wany feet it fell during the first second. The velocity ac-
quired in one second, and the space fallen through durin
that time, being the fundamental elements of the whole ca.E
culation, and all that are necessary for the computation of
the various circumstances of falling bodies.

92. The difficulty of calculating exactly the velocity of
a falling body from an actual measurement of its height,
and the time which it takes to reach the ground, is so great,
that no accurate computation could be made from such an
experiment.

93. Atwood's Machine—This difficulty has, however,
been overcome by a curious piece of machinery, invented
for this purpose by Mr. Atwood.

94. This machine consists Fig. 5.
of two upright posts of wood,
fig. 5, with cross pieces, as m‘
shown in the figure. The L
weights A and B, are of the
same size, and made to balance : W

each other very exactly, and
_are connected by the thread
which passes over the wheel
C. F is a ring through which
the weight A passes, and G is &
a stage on which the weight

rests in its descent. The rin X
and stage both slide up an 4 0
down, and are fixed at pleasure [~ .

by thumb screws. The
H, is a graduated scale, and
the pendulum K, is kept in

motion by clock-work. L,isa
small bar of metal, weighing a r._’ é.'
quarter of an ounce, and long- 7
er than the diameter of the
ring F. J 5

95. When the machine isto p—

oe used, the weight 4 is drawn
up to the top of the scale, and
the ring antr stage are placed
a certain number of inches

| — . el

Is the velocity of a fallinEebody calculated from actual measurement,
or by a machine? Describe the operation of Mr. Atwood's machins
for estimating the velocities of falling bodies.
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‘from each other. The small bar L, is then placed across
the weight A, by means of which it is made slowly to de-
scend. When it has descended to the ring, the small weight
L, is taken off by the ring, and thus the two weights are left
equal to each other. Now it must be observed, that the
motion, and descent of the weight A, is entirely owing to
the gravitating force of the weight L, until it arrives at the
ring F, when the action of gravity is suspended, and the
large weight continues to move downwards to the stage, in
consequence of the velocity it had acquired previously to
that time. .

96. To comprehend.-the accuracy of this machine, it must
be understood that the velocities of gravitating bodies are
supposed to be equal, whether they are large or small, this
being the case when no calculation is made for the resistance
of the air. Consequently, the weight of a quarter of an
ounce placed on the large weight A, is a representative of
all other solid descending bodies. The slowness of its de-
scent, when compared with freely gravitating bodies, is only
a convenience by which its motion can be accurately mea-
sured, for it is the increase of velocity which the machine
i:ottliesigned to ascertain, and not the actual velocity of falling

ies.

97, Now it will be readily comprehended, that in this
respect, it makes no difference how slowly a body falls, pro-
vided it follows the same laws as other descending bodies,
and it has already been stated, that all estimates on this sub-
ject are made from the known distance a body descends
during the first second of time.

98, It follows, therefore, that if it can be ascertained, ex-
actly, how much faster a body falls during the third, fourth,
or fifth second, than it did during the first second, by know-
ing how far it fell during the first second, we should be able
to estimate the distance it would fall during all succeeding -
seconds.

99. If, then, by means of a pendulum beating seconds,
the weight A should be found to descend a certain number
of inches during the first second, and another certain number
during the next second, and so on, the ratio of increased
descent would be precisely ascertained, and could be easily

After the small weight is taken off by the ring, why does the large
weight continue to descend? Does this machine show the actual ve-
locity of a falling body, or only its increase ? L

3¢
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applied to the falling of other bodies; and this is-the use.to
which this instrument is applied.

100. By this machine, it can also be ascertained how
much the actual velocity of a falling body depends on the
force of gravity, and how much on acquired velocity, for
the force of gravity gives motion to the descending weight
only until it arrives at the ring, after which the motion is
continued by the velocity it had before acquired.

101. From -experiments accurately made with this ma-
chine, it has been fully established, that if the time of a
falling body be divided into equal parts, say into seconds,
the spaces through which it falls in each second, taken se-
parately, will be as the odd numbers, 1, 3, 5, 7, 9, and so
on, as already stated. To make this plain, suppose the
times occupied by the falling body to be 1, 2, 3, and 4 se-
conds; then the spaces-fallen through will be as the squares
of these seconds, or times, viz. 1, 4, 9, and 16, the square of
1 being 1, the square of 2 being 4, the square of 3, 9, and
so on. The distance fallen through, therefore, during the
second second, may be found, by taking 1, the distance cor-
responding to one second, from 4, the distance corresponding
to 2 seconds, and is therefore 8. For the third second, take
4 from 9, and therefore the distance will be 5. For tha
fourth second, take 9 from 16, and the distance will be 7
and so on. During the first second, then, the body falls »
certain distance ; during the next second, it falls three times
that distance; during the third, five times the distance ; dur -
ing the fourth, seven times that distance, and so continually
in that proportion. .

102. It will be readily conceived, that solid bodies fall
inf from great heights, must ultimately acquire an amazing
velocity by this proportion of increase. An ounce ball o*.
lead, let fa{l from a certain height towards the earth, woule
thus acquire a force ten or twenty times as great as whens
shot out of a rifle. By actual calculation, it has been foune
that were the moon to lose her projectile force, which coun:

How does Mr. Atwood’s machine show how much the celerity of a
body depends upon gravity, and how much on acquired velocity \
Sl:ﬁpose the times of a falling body are as the numbers 1, 2, 3, 4, what
will be the numbers representing the spaces through which it falls?
Suppose a body falls 16 feet the first second, how far will it fall the
third second 7 “Would it be possible for a rifle bell to acquire a greater
force by falling, than if shot from a rifie? How long would it taks
the n)oo;l to come to the earth according to the law of increased

v
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terbalances the earth’s attraction, she would fall to the earth
mn four days and twenty hours, a distance of 240,000 miles,
And were the earth’s projectile force destroyed, it would
fall to the sun in sixty-four days and ten hours; a distance
of 95,000,000 of miles.

103. Every one knows by his own experience the differ-
ent effects of the same body falling from a great or a small
height. A boy will toss up his leaden bullet and catch it
with his hand, but he soon learns, by its painful effects, not
to throw it too high. The effects of hail-stones on window
glass, animals, and vegetation, are often surprising, and
sometimes calamitous illustrations of the velocity of falling

ies.

104. It has been already stated, that the velocities of solid
bodies falling from a given height, towards the earth, are
equal, or ih other words, that an ounce ball of lead will de-
scend in the same time as a pound ball of lead.

105. This is true in theory, but there is a slight differ-
ence in this r t in favour of the velocity of the larger
body, owing to the resistance of the atmosphere. We, how-
ever, shall at present consider all solids of whatever size,
as descending through the same spaces in the same times,
this being exactly true when they pass without resistance.

106. To comprehend the reason of this, we have only to
consider, that the attraction of gravitation in acting on a
mass of matter acts on every particle it contains; and thus
every particle is drawn down equally and with the samne
force. The effect of gravity, therefore, is in exact propor-
tion to the quantity of matter the mass contains, and not in
proportion to its bulk. A ball of lead of a foot in diameter,
and one of wood of the same diameter, are obviously of the
same bulk; but the lead will contain twelve particles of
matter where the wood contains one, and consequently will
be attracted with twelve times the force, and therefore will
weigh twelve times as much. |

107. Attraction proportionable to the quantity of mat-
ter—If, then, bodies attract each other in proportion to the
quantities'of matter they contain, it follows that if a mass

How long would it take the earth to fail to the sun? What fami-
liar illustrations are given of the force acquired by the velocity of -
falling bodies? Will a small and large body fall through the same

in the same time? On what parts of a mass of matter does the
mof gravity act? Is the effect of gravity in proportion to bulk, oc
quantity of matter?
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of the earth were doubled, the weights of all bodies on its
surface would also be doubled ; and if its quantity of matter
were tripled, all bodies would weigh three times as much
as they do at present.

108. It follows algo, that two attracting bodies, when free
to move, must ‘approach each other mutually. If the two
bodies contain like quantities of matter, their approach will
be equally rapid, and they will move equal distances towards
each other. But if the one be small and the other large,
the small one will approach the other with a rapidity pro-
portioned to the less quantity of matter it contains.

109. It is easy to conceive, that if a man in one boat pulls
ata rope attached to another boat, the two boats, if of the
same size, will move towards each other at the same rate;
but if the one be large and the other small, the rapidity
with whieh each moves will be in Froportion to its size, the
large one moving with as much less velocity as its size is
greater,

110. A man in a boat pulling a rope attached to a ship,
seems only to move the boat, but that he really moves the
ship is certain, when it is considered, that a thousand boats
pul inlgl'a in the same manner would make the ship meet
them half way. .

111. It appears, therefore, that an equal force acting on

-bodies containing different quantities of matter, move them
with different velocities, and that these velocities are in an
inverse proportion to their quantities of matter.

112. In réspect to equal forces, it is obvious that in-the
cage of the ship and single boat, they were moved towards
each other by the same force, that.is, the force of a man
pulling by a rope. The same principle holds in_respectto
attraction, for all bodies attract each other equally, accord-
ing to the quantities of matter they contain, and since all at-
traction is mutual, no body attracts another with a greater
force than that by which it is attracted.

118. Suppose a body. to be placed at a distance from the
earth, weighing two hundred pounds; the earth would then
attract the body with a force equal to two hundred pounds,

‘Were the mass of the earth doubled, how much more should we
weigh than we do now 7 Suppose one body moving towards another,
three times as large, by the force of gravity, what would be their pro-
portional velocities? How is this illustrated? Does a large body at-
tract a small one with any more force than it is attracted? Suppose a

body weighinimo pounds to be placed at a distance from the earth, -

with how much force does the earth attract the body? - :
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and the body would attract the earth with an equal farce,
otherwise their attraction would not be equal and mutual.
Another body weighing ten pounds, would be attracted with
a force equal to ten pounds, and so of all bodies according
to the quantity of matter they contain ; each body being at-
tracted by the earth with a force equal to its own weight,
and attracting the earth with an equal force.

114. If, for example, two boats be connected by a rope,
and a man in one of them pulls with a force equal to 100
pounds, it is plain that the force on each vessel would be
100 pounds. For, if the rope were thrown over a pulley,
and a man were to pull at one end with a force of 100 pounds,
itis plain it would take 100 pounds at the other end to balance.

115. Atiracting bodies approach each other~It is in-
ferred from the above principles, that all attracting bo-
dies which are free to move, mutually approach each other,
and therefore that the earth moves towards every body
which is raised from its surface, with a velocity and to a
distance proportional to the quantity of matter.thus elevated
from its surface, But the velocity of the earth being as
many times less than that of the falling body as its mass is
greater, it follows that its motion is not perceptible to us.

116. The following calculation will show what an im-
mense mass of matter it would take, to disturb the earth’s
gravity ina perceptible manner. '

117. If a ball of earth equal in diameter to the tenth part
of a mile, were placed at the distance of the tenth part of a
mile from the earth’s surface, the attracting powers of the
two bodies would be in the ratio of about 512 millions of
millions to one. For the earth’s diameter being about 8000
miles, the two bodies would bear to each other about this
groportion. Consequently, if the tenth part of a mile were

ivided into 512 millions of millions of equal parts, one of
these parts would be nearly the space through which the
earth would move towards the falling body. Now, in the
tenth part .of a mile there are about 6400 inches, conse-

‘With what force does the body attract theearth? Suppose a manin
one boat, pulls with a force of 100 pounds at a rope fastened to another
boat, what would be the force on eachboat? How is this illustrated ?
Suppose the body falls towards the earth, is the earth set in motion by
its attraction ? hy is not the earth’s motion towards it perceptible}
‘What distance would a body, the tenth part of a mile in diameter,
plitced 9t1the distance of a tenth part of a mile, attract the earth to-
wards it
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quently this number must be divided into 512 millions of
. millions of ‘parts, which would give the eighty thousand’

millionth part of an inch through which the earth would

move to meet a body the tenth part of a mile in diameter.

AsceENT o¥ Bobpigs.

2 118. Having now explained and illustrated the influence
of gravity on_bodies moving downward and horizontally, it
remains to show how matter is influenced by the same
power when bodies.are moved upward, or contrary to the
force of gravity. , ,

What has been stated in respect to the velocity of &,
falling bodies is exactly reversed in respect to those
which are thrown upwards, for as the motion of a
falling body is increased by the action of gravity, so
is it retarded by the same force when thrown up-
wards. ,

A bullet shot upwards, every instant loses a part
of its velocity, until having arrived at the highest
point from whence it was thrown, it then returns
again to the earth.

The same law that governs a descending body,
governs an ascending one, only that their motions b
are reversed. .

The same. ratio is observed to whatever distance
the ball is propelled, or as the height to which it is
thrown may be estimated from the space it passes
through during the first second, so its returning ve-
locity is in a like ratio tothe height to which it was
sent.

This will be understood by fig. 6. Suppose a
ball to be propelled from the point a, with a force
which would carry it to the point b in the first se-
cond, to ¢ in the next, and to 4 in the third second.’ .
It would then remain nearly stationary for an in-
stant, and in returning, would pass through exactly
the same spaces in the same times, only that its di-
rection would be reversed. Thus it will fall from
d to ¢, in the first second, to ) in the next, and to a
in the third. .

Now the force of a moving body is as its velocity @ L

‘What effect does the force of gravity have on bodies moving up-.
ward? Are upward and downward motion governed by the same
laws? Explain fig. 6.
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and its quentity of matter, and hence the same ball will fall
with exactly the same force that it rises. For-instance, a
ball shot out of a rifle, with a force sufficient to overcome a
certain impediment, on returning, would again evercome
the same impediment. s

FaLL or Licar Bobpiks.

119. It has been stated that the earth’s attraction acts
equally on all bodies, containing equal quantities of matter,
and that in vacuo, all bodies, whether large or small, de-
scend from the same heights in the same time.

120. There is, however, a great difference in the quanti-
ties of matter which bodies 6f the same bulk contain, and
consequently a difference, in the resistance which they meet
with in passing through the air. :

121. Now, the fall of a body containing a large quantity
of matter in a small bulk, meets with little comparative re-
sistance, while the fall of another, containing the same
quantity of matter, but of larger size, meets with more in
comparison, for it is easy to see that two bodies of the same
size meet with exactly the same actual resistance. Thus, if
we let fall a ball of lead, and another of cork, of two inches
‘n diameter each, the lead will reach the ground before the
cork, because, though meeting with the same resistance,
the lead has the greatest power of overcoming it.

122. This, however, does not affect the truth of the ge-
neral law already established, that the weights of bodies
are as the quantities of matter they contain. It only shows
that the pressure of the atmosphere prevents bulky  and
porous substances from falling with the same velocity as
thase which are compact or dense.

123. Were the atmosphere removed, all bodies, whether
light or heavy, large or small, would descend with the same
velocity. This fact has been ascertained by experiment in
the following manner : _

124. The air pump is an instrument, by means of which
the air can be pumped out of a close vessel, as will be seen
under the article Pneumatics. Taking this for granted at
present, the experiment is made in the following manner :

‘What is the difference between the upward and returning velocity
of the same body ? Why will not a sack of feathers and a stone of the
same size fall through the air in the same time ? Does this affect the truth
of the general Jaw, that the weights of bodies are as their quantities of
matter? What would be the effect on the fall of light and heavy bo-
dies. were the atmosphere removed ?
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125. On the plate of the air pump 4, Fig. 7.
lace the tall jar B, which is open at the ¢
ttom, and has a brass cover fitted closely
to the top. Through the cover let a wire
rass, air tight, having a small cross at the
~ lower end. On each side of this cross,
place a little stage, and so contrive them
that by turning the wire by the handle C,
these stages shall be upset. On one of the
st:fes place a guinea or any other heavy
body, and on the other place a feather. ‘ ® B
When this is arranged, let the air be ex-
hausted from the jar by the pump, and then
. turn the handle C, so that the guinea and
feather may fall from their places, and it
will be found that they will both strike the
plate at the same instant. Thus is it de-
monstrated, that were it not for the resist- ,
ance of the atmosphere, a bag of feathers
and one of guineas would fall from a given

height with the same velocity and in the
same time. - : y “« 6 )

MoTiON.

126. Motion may be defined, a continued change of place
with regard to a fixed point.

127. Without motion there would be no rising or setting
ot the sun—no change of seasons—no fall of rain—no huild-
ing of houses, and finally no animal life. Nothing can be
done without motion, and therefore without it, the whole
universe would be at rest and dead.

128. In the language of philosophy, the power which

. puts a body in motion, is called force. Thus it is the force
of gravity that overcomes the inertia of bodies, and draws
them towards the earth. The force of water and steam gives
motion to machinery, &c. :

129. For the sake of convenience, and accuracy in.the
application of terms, motion is divided into two kinds, viz.:
absolute and relative. .

How is it proved that a feather and a guinea will fall through equa!
spaces in the same time, where there is no resistance? How will you
define motion? 'What would be the consequence, were all motion to
cease? What is that power called which puts a body in motion 1
How is motion divided ? :
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130. Absolute motion is a change of placs with regard to
a fixed point, and is estimated without reference to the mo-
tion of any other body. When a man rides along the street,
or when a vessel sails through the water, they are both in
absolute motion.

131. Relative motion, is a change of place in a body,
with respect to another body, also in motion, and is esti-
mated from that other body, exactly as absolute motion is
from a fixed point. o

132. The absolute velocity of the earth in its orbit from
west to east, i8 68,000 miles in an hour; that of Mars, in
the same direction, is 55,000 miles per hour. The earth’s
relative velocity, in this case, is 13,000 miles per hour from
west to east. That of Mars, comparatively, is 13,000 miles
from east to west, because the earth leaves Mars that dis-
tance behind her, as stre would leave a fixed point.

133. Rest, in the common meaning of the term, is the
opposite of motion, but it is obvious, that rest is often a rela-
tive term, since an object may be perfectly at rest with
respect to some things, and in rapid motion in respect to
others. Thus, a man sitting on the deck of a steam-boat,
may move at the rate of fifteen miles an hour, with respect
to the land, and still be at rest with respect to the boat. And
80, if another man was running on the deck of the same boat
at the rate of fifieen miles the hour in a contrary direction,
he would be stationary in respect to a fixed point, and still
be running with all his might, with respect to the boat.

VEerociTy oF MoTION.

134. Velocity is the rate of motion at which a body
moves from one place to another. '

135. Velocity is independent of the weight or magnitude
of the moving body. Thus a cannon ball and a musket
bal, both flying at the rate of a thousand feet in a second,
have the same velocities.

136. Velocity is said to be uniform, when the moving
body passes over equal spaces in equal times. If a steam-
boat moves at the rate of ten miles every hour, her velocity
is uniform. The revolution of the earth from west to east
is a perpetual example of uniform motion.

‘What is absolute motion? What is relative motion? What is the
earth’s relative velocity in respect to Mars? In what respect is a man
in & steam-boat at rest, and in what respect does he move? What is
velocity? W hen is velocity uniform 3 :

4
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187. Velocity is accelerated, when the rate of motion 1s
constantly increased, and the moving body passes through
unequal spaces in'equal times. Thus, when a falling body
moves sixteen feet during the first second, and forty-eight
feet during the next second, and so on,. its velocity is accele-
rated. A body falling from a height freely through the air,
is the most perfect example of this kind of velocity.

138. Retarded velocity, is when the rate of motion of the
oody is constantly decreased, and it is made to move slower
and slower. A ball thrown upwards into the air, has its
velocity constantly retarded by the attraction of gravitation,
and consequently, it moves slower every moment.

Force, or MoMENTUM oF Movine Bopigs.

139. The velocities of bodies are equal, when they pass
over equal spaces in the same time; but the force with
which bodies, moving at the same rate, overcome impedi-
ments, is in proportion to the quantity of matter they contain.
This power, or force, is called the momentum of the moving

1&0. Thus, if two bodies of the same weight move with
the same velocity, their momenta will be equal.

141. Two vessels, each of a hundred tons, sailing at the
rate of six miles an hour, would overcome the same impedi-
ments, or be stopped by the same obstructions. Their mo-
menta would therefore be the same. ’

142. The force, or momentum of a moving body, is in
proportion to its quantity of matter, and its velocity.

143. A large body moving slowly, may have less mo-
mentum than a small one moving rapidly. Thus, a bullet,
shot out of a gun, moves with much greater force than a
stone thrown by the hand. The momentum of a body is
found by multiplying its quantity of matter by its velocity.

.144. Thus, 1f the velocity be 2, and the weight 2, the mo-
mentum will be 4. If the velocity be 6, and the weight of
the body 4, she momentum will be 24.

145. If a moving body strikes an impediment, the force

with which it strikes, and the resistance of the impediment,

‘When is velocity accelerated ? Give illustrations of these two kinds
of velocity. What is meant by retarded velocity ? Give an example
of retarded velocity. What is meant by the momentum of a body?

, When will the momenta of two bodies be equal? Give an ﬂxamg::i
When has a small body more momentum than a large one ? By w.
rule is the momentum of & body found ? : .
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are equal. 'Thus, if a boy throw his ball agamst the side
of the house, with the force of 3, the house resists it with
an equal force, and the ball rebounds. If he throws it
against a pane of glass with, the same force, the glass hav-
ing only the power of 2 to resist, the ball will go through
the glass, still retaining one third of its force. :

146 Action and re-action equal—From observations
made on the effects of bodies striking éach other, it is found
that action and re-action are equal; or, in other words, that
force and resistance are equal. Thus, when a moving body
strikes one that is at rest, the body at rest returns the blow
with equal force. ) : ‘

This is illustrated by the well known fact, that if two
persons strike their ‘heads together, one being in motion,
and the other at rest, they are both equally hurt.

- 147. The philosophy of action and re-action is finely illus.
trated by a number of ivory balls, suspended by threads, as
in fig. 10, so as to touch each Fig. 10,

other. If the ball a be drawn
from the perpendicular, and
then let fall, so as to strike the
one next to it, the motion of the
falling ball will be communi-
cated through the whole series,
from one to the other. None of
the balls, except f; will, how- -
ever, appear to move. This
will be understood, when we
consider that the re-action of b,

is just equal to the action of a,
and that each of the other balls,, ¢
in like manner, acts, and re- /
acts, on the other, until the mo- .
tion of a arrives at f, which, having no impediment, or
nothing to act upon, is itself put in motion. It is, therefore,
re-action, which causes all the balls, except f; to remain at
rest. '

148. It is by a modification of the same principle, that
rockets are impelled through the air. The stream of ex-
panded air, or the fire, which is emitted from the lower end

When a moving body strikes an_impediment, which receives the
g;owst shock ? hat 18 the law of action and re-action? How is
illustrated 7 'When one of the ivory balls strikes the other, why

the mast distant one only move} .

’



40 REFLECTSD MOTION.

of the rocket, not only pushes aguinst the rocket itself, bur
. against the atmospheric air, which, re-acting against the ary
so expanded, sends the rocket along.

149. It was on account of not understanding the princi-
ples of action and re-action, that the man undertook to make
a fair wind for his pleasure boat, to be used whenever he
wished to sail. He fixed an immense bellows,in the stein
of his boat, not doubting but the wind from it would carry
him along. But on making the experiment, he found that
his boat went backwards instead of forwards. The reason
is plain. The re-action of the atmosphere on the stream of
wind from the bellows, before it reached the sail, moved
the boat in a contrary direction. Had the sails received the
whole force of the wind from the bellows, the boat would not
have moved at all, for then, action and re-action would have
been exactly equal, and it would have been like a man’s at-
mpting to raise himself over a fence by the straps of his

ts.

RerLECTED MoTION.

150. It has been stated that all bodies, when once set in
motion, would continue to move straight forward, until some
impediment, acting in_a contrary direction, should bring
them to rest; continued motion without impediment being a
consequence of the inertia of matter.

151. Such bodies are supposed to be acted upon by a sin-
gle force, and that in the direction of the line in which they
move. Thus, a ball sent out of a gun, or struck by a bat,
tarns neither to the right nor left, but makes a curve to-
wards the earth, in consequence of another force, which is
the attraction of Eravitation, and by which, together with
the rezistance of the atmosphere, it 1s finally brought to the

round. '
& 152. The kind of motion now to be considered, is thas
which is produced when bodies are turned out of a straigh
line by some force, independent of gravity.

153. A single force, or impulse, sends the body directly
forward, but another force, not exactly coinciding with this
will give it a new direction, and bend it out of its former
course.

On what principle are rockets impelled through the air ? In the ex-
periment with the boat and bellows, why did the boat move back
wards? Why would it not have moved at all, had the sail receives
all the wind from the bellows ? Su;:l)oae a body is acted on, and s
n motion by a single foree, in what direction will it move %
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184, If, for instance, two moving bodies strilee each other
oblique?, they will both be thrown out of the line of their
former direction. This is called reflecied motion, because
it observes the same laws as reflected light.

155. The bounding of a ball; the skipping of a stone
over the smooth surface of a pond ; and the oblique direction
of an apple, when it touches a limb in its fall, are examples
<f reflected motion.

156. By experiments on this kind of motion, it is found,
that moving bodies observe certain laws, in respect to the di-
rection they take in rebounding from any impediment th
happen to strike. Thus, a ball, striking on the floor, or
of a room, makes the same angle in leaving the point where
it strikes, that it does in approaching it.

1567. Suppose a b, .
fig. 11, to be a marble Fig. 11.
slab, or floor, and ¢ to
be an ivory ball, which @& c
has been thrown to-
wards the floor in the
direction of the line ¢ &9
e; it will rebound in b
the direction of the line e d, thus making the two angles
fand g exactly equal.

158. If the ball approached the floor under a larger or
smaller angle, its rebound would observe the same rule.

Thus, if it fell in the Fig. 13.
line A %, fig. 12, its re-
bound would be in the , Z F3

line k ¢, and if it was
dropped ~ perpendicu- .
larly from I to %, it
would return in the
same line to /. The an-
gle which the ball
makes with the per-
pendicular I k, in its . .3 :
approach to the floor, is called the angle of incidence, and

What is the motion called, when a body is turned out of a straight
line by another force ? What illustrations can you give of
motion ? What laws are observed in reflected motion ?:gpon a ball
tage thrown on the floor in a certain direction, what will it ob-
gerve in rebounding? 'What is the angle called, which the ball makes
W approaching the ﬂoor"l.
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that which it makes in departing from the floor in the same
line, is called the angle of reflection, and these angles are
always equal to each other.

Compounp MoTioN.

159. Compound motion is that motion which is produced
by two er more forces, acting in different directions, on the
same body, at the same time. This will be readily unuer-
sbod by a diagram. :

160. Suppose the ball a, d Fig. B
fig. 13, to be moving with
a certain velocity in the
line b.¢c, and suppose that a
at the instant when it came €
to the point a, it should be
struck with an equal force
in the direction of d e, as
it.cannot obey the direction
of both these forces, it will
take a course between
them, and fly off in the di- i
rection of f. : r

161. The reason of this e
is plain. The first force would carry the ball from 5 to ¢ ;
the second would carry it from d to ¢ ; and these two forces
being egual, gives it a direction just half way between the
two, and therefore it is sent towards f.

162. The line a f, is called the diagonal of the square,
and results from the cross forces, b and d, being equal to each
otier. If one of the moving forces is greater than the
other; then the diagonal line will be lengthened in the di-
rection of the greater force, and instead of being the diaﬁv
pal of a sq'u:ar_e, it will become the diagonal of a parallelo-
gram, or obleng square.

‘What is the angle called, which it makes in leaving the floor? 'What
is the difference between these angles? What is compound motion?
B“u&pon a ball, moving with a certain force, to be struck crosswise

ith the same force, in what direction will it move ?
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- 168: Suppose the force Ng. 14

wm the direction of & b,

should drive the ball with e

twice the velocity of the g

cross force ¢ d, ﬁf. 14,
d_go

-~

then the ball wou
twice as far from the line
¢ d, as from the line b a,
and ¢ f would be the di- F .
agonal of a parallelogram d
whose length is double its breadth.

164. Suppose a boat, in crossing a river, is rowed forward
at the rate of four miles an hour, and the current of the river
* is at the same rate, then the two cross forces will be equal,
and the line of the boat will be the diagonal of a square, as
in fig. 13. Baut if the current be four miles an hour, and
the progress of the boat forward only two miles an hour,
then the boat will go down stream twice as fast as she goes
across the river, and her path will be the diagonal of a pa-
rallelogram, as in fig. 14, and therefore to make the boat
pass directli across the stream, it must be rowed towards
some point higher up the stream than the landing place; a
fact well known to boatmen.

CircurLar MoTION.

- 168. Circular motion is the motion of 2 body in a ring, or
circle, and is produced by the action of two forces. - By one
of these forces, the moving body tends to fly off in a straight
iime, while by the other it is drawn towani the centre, and
thus it is made to revolve, or move round in a circle.

166. The force by which a body tends to go off ina
straight line, is called the centrifugal force; that which
keeps it from flying away, and draws it towards the centre,
is called the centripetal force.

167. Bodies moving in circles are constantly acted upon
by these two forces. If the centrifugal force should cease,
the moving body would no longer perform a circle, but
would directly approach the centre of its own motion. If

Suppose it to be struck with half its former force, in what direction
will it move? What is the line ¢ f, fig. 13, called ? What is the line
ef, fig. 14, called ? How are these figures illustrated? What is circu.
m«ion ? How is this motion produced ? What is the centrifugel

1 What is the centripetal force? soxpue the centrifugal force-

it
should cease, in what direction would the body move 3
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the centripetal force should cease, the body would instantly
begin to move off in a straight line, this being, as we have
explained, the direction which all bodies take when acted
on by a single force. .

168. This will be obvious Fig. 15.
by fig. 15. Suppose a to be a
cannon ball, tied with a strin
to the centre of a slab of smoot
marble, and suppose un attempt
be made to push this ball with -
the hand in the direction of 4 ;
it is obvious that the string,
would prevent its going to that
point; but would keep it in
the circle. In this case, the
string is the centripetal force.

169. Now suppose the ball
to be kept revolving with rapidity, its velocity and weight
will occasion its centrifugal force; andif the string were
cut, when the ball wasat the point ¢, for instance, this force
would carry it off in the line towards b. )

170. The greater the velocity with which a body moves -
round in a circle, the greater will be the force witK which
it will fly off in a right line.

171. Thus, when one wishes to sling a stone to the great-
est distance, he makes it whirl round with the greatest pos-
sible rapidity, before he lets it go. Before the invention of
other warlike instruments, soldiers threw stones in this
manner, with great force, and dreadful effects.

172. The line about which a body revolves, is called its
azis of motion. The point round which it turns, or on
which it rests, is called the centre of motion. In fig. 15,
the point d, to which the string is fixed, is the centre of mc-
tion. In the spinning top, a line through the centre of the
handle to the point on which it turns, is the axis of motion.

173. In the revolution of a wheel, that part which is at
the greatest distance from the axis of motion, has the great-
;st velocity, and, consequently, the greatest centrifugal
orce.

Suppose the centripetal force should cease, where would the body go %
Explain fig. 15. What constitutes the centrifugal force of ‘a body
moving round in a circle? How is this illust 3 What is the axis
of motion? Whatis the centre of motion? Give illustrations,. What
part of a revolving wheel has the greatest centrifugal force. :
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174. Suppose the wheel, fig.
16, to revolve a certain number
of times in a minute, the velocity
of the end of the arm, at the
" point 4, would be as much great-
er than its middle at the point b,
as its distance is greater from the
axis of motion, because it moves
in a larier circle, and conse-

uently the centrifugal force of

e rim ¢, would, in like manner,
be as its distance from the centre
of motion. ‘ '

175. Large wheels, which are designed to turn with great
velocit{. must, therefore, be made with corresponding
strength, otherwise the centrifugal force will overcome the
cohesive attraction, or the strength of the fastenings, in which
case the wheel will fly in pieces. This sometimes happens
to the large grindstones used in gun-factories, and the stone
either flies awa Eieceqneal, or breaks in the middle, to the
great danger of the wotkmen.

176. Were the diurnal velocity of the earth about seven-
teen times greater than it is, those parts at the greatest dis-
tance from its axis, would begin to fly off in straight lines,
;lthe water does from a grindstone, when it is turned rap-

y.

CENTRE oF GRAVITY.

177. The centre o avity, in any body or system of
bodies, is that pointf;gn which they bod;, or system of
bodies, acted upon only by gravity, will balange itself in all

tions.

178. The centre of gravity, in a wheel made entirely of
wood, and of equal thickness, would be exactly in the mid-
dle, or in its ordinary centre of motion. But if one side of
the wheel were made of iron, and the other part of wood,
its centre of gravity would be changed to some point, aside
from the centre of the wheel.

‘Why? Why must large wheels, turning with great velocity, be
strongly made? ‘What would be the consequence, were the velocity of
the earth 17 times greater than it is ? Where is the centre of gravity in
abody 7 'Where is the centre of gravity in a wheel, made of w
If one side is made of wood, and the other of iron, where is the centre 3
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179. Thus, the centre ot gravity
in the wocden wheel, fig. 17, would
be at the axis on which it turns ; but
were the arm a, of iron, its centre
of motion and of gravity would no
longer be the same, but while the
centre of motion remained as ‘before,
the centre of gravity would. fall to
the point a. Thus the centre of
motion and of gravity, though often
atthe same point, are not always so.

180. When the body is shaped irregularly, or there are
two or more bodies conmected, the centre of gravity is the
point on which they will balance without falling.

181. If the two balls, a and b, fig. Fig. 18.

18, weigh each four.pounds, the cen-
tre of gravity will be a point on the
bar equally distant from each. )

182. But if one of the balls be Fig. 19
heavier than the other, then the cen- ¢
tre of gravity will, in proportion, ap-
proach the larger ball. Thus, in fig.

19, if ¢ weighs two pounds, and 4 ,
eight pounds, .the centre of gravity will be four times the
distance from ¢ that it is from d. :

183. In a body of equal thickness, as a board, or a slab
of marble, but otherwise of an irregular shape, the centre
of gravity, may be found by suspending it, first from one
point, ang then from another, and marking, by means of a
‘plumb line, the perpendicular ranges from the point of sug-
pension. The centre of gravity will be the point where
these two lines cross each other.

Thus, if

Fig. 20, Fig. 21. Fig. 2.
the irregular v
shaped piece .
of board, fig.
20, be sus-
pended by
making a ' .
holethrough ¢

itatthe point

Is the centre of motion and of gravity always the same? Whentwe
bodies n{e connected, as by a bar between them where is the centre of
gravity
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a, and at the same point suspending the plumb line ¢, both
board and line will hang in the position represented in the
figure. Having marked this line across the board, let it be
suspended again in the position of fig. 21, and the perpen-
dicular line again marked. The point where these lines
cross each other is the centre of gravity, as seen by fig. 22.

184. It is often of great consequence, in the concerns of
life, that the subject of gravity should be well considered,
since the strength of buildings, and of machinery, often de-
pends chiefly on the gravitating point! ’

185. Common experience teaches, that a tall object, with
2 narrow base, or foundation, is easily overturned ; but com-
mon experience does not teach the reason, for it is only by
understanding principles, that practice improves experiment.

186. An upright object will fall to the ground, when it
leans so much that a perpendicular line from its centre of
gravity falls beyond its base. A tall chimney, therefore,
with a narrow foundation, such as are commonly built at the
present day, will fall with a very slight inclination.

187. Now, in falling, the centre of gravity passes through
the part of a circle, the centre of which is at the extremity
of the base on which the body stands. This will be com-
prehended by fig. 23.

188. Suppose the figure to be a block Fig. 23.
of marble, which is to be turned over,
by lifting at the corner a, the corner d ~
would be the centre of its motion, or ¢

the point on which it would turn. The
centre of gravity, ¢, would, therefore,
describe the part of a circle, of which @ 4

the corner, d, is the centre.

189. It will be obvious, after a little consideration, that
the greatest difficulty we should find in turning over a
square block of marble, would be, in first raising up the cen-
tre of gravity, for the resistance will constantly become less,
in proportion as the point approaches a perpendicular line
over the corner d, which, having passed, it will fall by its
own gravity.

In a board of irregular shape, by what method is the centre of grav-
1ty found? In what direction must the centre of ﬁravity be from the
outside of the base, before the object will fall? In falling, the centre of
gravity passes through part of a circle; where is the centre of this cir-
ele? In turning over a body, why does the force required constantly
become less and less ?
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190. 'Fhe difficulty of turning over a body of a particular
form, will be more strikingly illustrated by the figure of a
triangle, or low pyramid. )

191. In fig. 24, the centre of gravity is Fig. %,
so low, and the base so broad, that in
turning it over, a great proportion of its
whole weight must be raised. Hence we
see the firmness of the pyramid in theo-
1y, and experience proves its truth; for
buildings are found to withstand the ef- '
fects of time, and the commotions of earthquakes, in propor-
tion as they approach this figure.

'he most ancient monuments of the art of building, now
standing, the pyramids of Egypt, are of this form.

192. When a ball is rolled on a horizontal plane, the
centre of gravity is not raised, but moves in a straight line
parallel to the surface of the plane on whick it rolls, and is
consequently always directly over its centre of motion.

193. Suppose, fig. 25, a is the Fig. 2.

plane on which the ball moves, & "
the line on which the centre of ‘/\
gravity moves, and ¢ a plumb line, »

showing that the centre of gravity
must always be exactly over the °
centre of motion, when the ball
moves on a horizontal plane—then ¢
we shall see the reason why a ball o
moving on such a plane, will rest with equal firmness m
any position, and why so little force is required to set it in
motion. For in no other figure does the centre of gravity
describe a horizontal line over that of motion, in whatever
direction the body is moved.

194. If the plane is inclined downwards, the ball is in-
stantly thrown into motion, because the centre of gravity then
gﬂf forward of that of motion, or the point on which the

rests.

‘Why is there less force required to overturn a cube, or square, than

Pyramid of the same weight 3 When a ball is rolled on a horizon-
al plane, in what direction does the centre of gravity move? Explain
fig. 25. Why does a ball on a horizontal plane rest equally well in all
positions? Why does it move with little force? If the plane is in-
dined downwards, why does the ball roll in that direction

a
t
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195. This is explained by fig. 26,
where a is the pont on which the
ball rests, or tllx: e;ntr?r:'t; m;:tion, ¢
the perpendicular line the cen-
tre of gravity as shown by the plumb
weight ¢.

If the plane is inclined upward,
force is required to move the Lll in
that direction, because the centre of
gravity then falls behind that of mo-
tion, and therefore the centre of grav:
ity has to be constantly liffed. This
is also shown by fig. 26, only considering the ball to be
moving up the inclined plane, instead of down it.

196. From these principles, it will be readily understood,
why 8o much force 18 required to roll a heavy body, as a
hogshead of sugar, for instance, up an inclined plane. The
centre of gravity falling behind that of motion, the weight is
constantly acting against the force employed to raise the body. .

197. From what has been stated, it will Fig. 27.
be understood, that the danger that a body
will fall, is in proportion to the narrowness
of its base, compared with the height of the
centre of gravity above the base.

198. Thus, a tall body, shaped like fig. 27,
will fall, if it leans but very slightly, for the
centre of gravity being far above the base, at
s, is brought over the centre of motion, 8,
with little inclination, as shown by the plumb
tine. Whereas a body sha ike fig. 28, Fig. 28
will not fall until it leans' much more, as again -
shown by the direction of the plumb line.

199. We may learn, from these compari-
sons, that it is more dangerous to ride m a
high carriage than in a low one, in propor-
tion to the elevation of the vehicle, and the
nearness of the wheels to each other, or in
Pproportion to the narrowness of the base, and
the height of the centre of gravity. A load

‘Why is force required to movea ball up an inclined plane? Whatis
thedanger that a body will fall proportioned to? Why is abody, lhayﬁ
like fig. 27, more easily thrown down, than one shaped like fig. 8%
;‘nce,zin riding in a carriage, ww is the danger of upsetting rropore

5
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of hay upsets where the road raises one wheel but littla
higher than the other, because it is high, and broader on the
top than the distance of the wheels from each other; while
a load of stone is very rarely turned over, because the centre
of gravity is near tKe earth, and its weight between the
wheels, instead of being far above them.

200. In man the centre of gravity is between the hips, and
hence, were his feet tied together, and his arms tied to his
sides, a very slight inclination of his body would carry the
perpendicular of his centre of gravity beyond the base, and
he would fall. But when his limbs are free to move, he
widens his base, and changes the centre of gravity at plea-
sure, by throwing out his arms, as circumstances require.

201. When a man runs, he inclines forward, so that the
centre of gravity may hang before his base, and in this po-
sition, he is obliged to keep his feet constantly advancing,
otherwise he would fall forward.

202. A man standing on one foot, cannot throw his body
forward without at the same time throwing his other foot
ﬁckward, in order to keep his centre of gravity within the

se.

203. A man, therefore, standing with his heels against a
perpendicular wall, cannot stoop forward without falling, be-
cause the wall prevents his throwing any part of his body
backward. A person little versed in such things, agreed to
gay a certain sum of money for an opportunity of possessing

imself of double the sum, by taking it from the floor with
his heels against the wall. ~ The man, of course, lost his
money, for in such a posture, one_can hardly reach lower
than his own knee. ‘

204. The base, on which a man is supported, in walking
or standing, is his feet, and the space between them. By
turning the toes out, this base is made broader, without
taking much from its length, and hence persons who turn
their toes outward, not only walk more firmly, but more
gracefully, than those who turn them inward.

205. In consequence of the upright position of man, he is
constantly obliged to employ some exertion to keep his bal
ance. This seems to be the reason why children learn to

‘Where is the centre of a man’s gravity ? Why will a man fall with
a slight inclination, when his feet and arms are-tied? Why cannot one
who stands with his heels against a wall stoop forward? Why does a
person walk most firmly, who turns his toes outward ? Why does not
a child walk as soon as he can stand ? ' .
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wa:k with so much difficulty, for after they have strength
to stand, it requires considerable experience, so to balance
the body, as to set one foot before the other without falling.

206. By experience in the art of balancing, or of keeping
the centre of gravity in a line over the base, men sometimes

rform things, that, at first sight, appear altogether beyond

uman power, such as dining with the table and chair
standing on a single rope, dancing on a wire, &ec.

207. No form, under which matter exists, escapes the ge-
neral law of gravity, and hence vegetables, as well as ani-
mals, are formed with reference to the position of this centre,
in respect to the base.

It is interesting, in reference to this circumstance, to ob-
7erve how exactly the tall trees of the forest conform to this
aw.

208. The pine, which grows a hundred feet high, shoots
up with as much exactness, with respect to keeping its cen-
tre of gravity within the base, as though it had been direct-
ed by the plumb line of a master builder. Its limbs towards
the top are sent off in conformity to the same law ; each one

awing in respect to the other, 8o as to preserve a due
glwce between the whole.

209. It may be observed, also, that where many trees
grow near each other, as in thick forests, and consequently
where the wind can have but little effect on each, that they
always grow taller than when standing alone on the plain.
The roots of such trees are also smaller, and do not strike
so deep as those of trees standing alone. A tall pine, in the
midst of the forest, would be thrown to the ground by the
first blast of wind, were all those around it cut away.

* Thus, the trees of the'forest, not only grow so as to pre-
serve their centres of gravity, but actually conform, in a cer-
tain sens?, to their situation.

CENTRE oF INERTIA.

210. It will be remembered that, inertia (21) is one of
the inherent, or essential properties of matter, and that it is
in consequence of this property, when bodies are at rest, that
they never move without the application of force, and when

In what does the art of balancinﬁ; or walking on a rope, consist ?
‘What is observed in the growth of the trees of the forest, in respect to
the laws of gravity ? 'What effect does inertia have on bodies at rest 3
What effect does it have on bodies in motion ?
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ones in motion, that they never cease meving without some
external cause.

211. Novw, inertia, though, like gnvitz. it resides equally
in every particle of matter, must have, like gravity, a centre !
in each particular body, and this centre is the same with
that of gravity.

212 Ina Kar of iron, six feet long and two inchessquare,
the centre of gravity is just three feet from each end, or ex-
actly in the middle. If, therefore, the bar is supported at
this 'point. it wil balance equally, and because there are
equal weights on both ends, it will not fall. This, there-
fore, is the centre of gravity.

Now suppose the bar sheuld be raised by raising up the
centre of gravity, then the inertia of all its parts would be
overcome equally with that of the middle. The centre of
gravity is, therefore, the centre of inertia.

213. The centre of inertia, being that point which, being
lifted, the whole body is raised, is not, therefore, always at

the centre of the body.

214. Thus, suppose the same bar Fig. 29.
of iron, whose inertia was over-
come by raising the centre, to have &

balls of different weights attached

to its ends; then the centre of iner-

tia would no longer remain in the middle of the bar, but

would be changef to the point e, fig. 29, so that to lift the

;:ltl‘de' this pomt must be raised, instead of the middle, as
ore. .

EquiLisriunM.

215. When two forces counteract, or balance each other,
they are said to be in equilibrium. :

216. It is not necessary for this purpose, that the weights
opposed to each other should be equally heavy, for we have
just seen that a small weifbt. ﬁn at a distance from
the centre of inertia, will balance a large one placed near
it. To produce equilibrium, it is .only necessary, that the
weights on each side of the support should mutually coun-
teract each other, or if set in motion, that their momenta
should be equal. :

Is the centre of inerut;;a and that of gravity, the same ? Where is the
centre of inertia in a , or & system of bodies? 'Why is the point
of inertia changed, by fixing different weights to the ends of the iron
var? What is meant by equilibrium? To produce equilibrium, must
the weights be equal 7




 this point. Were the two weights
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A pair of scales are in equilibrium, when the beam is n
a horizontal position, '
217. To produce equilibrium in solid bodies, therefore, it
is only necessary to support the centre of inertia, or gravity.
218. If a body, or several bod- Fig. 30.
ies, connected, be suspended by a
string, as in fig. 30, the pointtl of [~
support is always in a perpendic-
ular line r.boveythe ce:l::rﬁ:;' in-
ertia. The plumb line d, cuts the a4
bar connecting ‘the two balls at

in this figure equal, it is evident e

that the hook, or point of support,

must be in the middle of the string, to preserve the hori-
zontal position.

219. When a man stands on his right foot, he keeps him-
self in equilibrium, by leaning to the ri%ht, 80 as to bring
his centre of gravity in a perpendicular line over the foot
on which he stands.

CURVILINEAR, OR BENT MoTION.

220. We have seen that a single force acting on a body,
(153,) drives it straight forward, and that two ﬁ)rces acting
crosswise, drive it midway between the two, or give it a di-
agonal direction, (160.)

221. Curvilinear motion differs from both these, the di-
rection of the body being neither straight forward, nor di-
agonal, but throug{ a line which is curved.

222. This kind of motion may be in any direction, but
when it is produced in part by gravity, its direction is al-
ways towards the earth. '

223. A stream of water from an aperture in the side of a
vessel, as it falls towards the ground, is an example of a
curved line; and a body passing through such a line, is said
to have curvilinear motion. Any body projected forward,
as a cannon ball or rocket, falls to the earth in a curved line.

224. It is the action of gravity across the course of the
stream, or the path of the ball, that bends it downwards, and

‘When is a pair of scales in equilibrium ? When a body is suspended
by a string, where must the suﬁport be with m&ect to the point of in-
ertia ? Wﬁat is meant% curvilinear motion ? What are examples of
this kind of motion 7 What two for::u produce this motion 2

b
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makes it form a curve. The motion 1 therefore the result
of two forces, that of projection, and that of gravity.

225. The shape of the curve will depend on the veloei
of the stream or ball. When the pressure of the water is
great, the stream, near the vessel, is nearly horizontal, be-
cause its velocity is in preportion to the pressure. When
a ball first leaves the cannon, it describes but a slight curve,

+because its projectile velocity is then greatest. '

The curves described by ru of water, under different
degrees of pressure, are readily illustrated by tapping a tall
vessel in several plgccs, one b:bove the other.

226. Su . 31 ;
such a veescre’l],mﬁslaied gwil:h wa- Fig. 81.
ter, and pierced as represent-
ed. The streams will form
curves differing from each
other, as seen in the figure.

Where the projectile force is
greatest, as from the lower
orifice, the stream reaches the

round at the greatest distance

rom the vessel, this distance
decreasing, as the pressure
becomes less towayds the top
of the vessel. The action of 4
gravity being always the same, .
the shape of the curve described,.as just stated, must depend
on the velocity of the moving body; but whether the pro-
jectile force be great or small, the moving body, if thrown
horizontally, will reach the ground from the same height
in the same time.

227. This, at first thought, would seem improbable, for,
without consideration, most persons would assert, very posi-
tively, that if two cannon were fired from the same spot, at the
same instant, and in the same direction, one of the balls fall-
ing'half a mile, and the other a3 mile distant, that the ball
which went to the greatest distance, would take the most
time in performing its journey.

228. But it must be remembered, that the projectile forca

On what does the shupe of the curve depend? How are the curves
described by jets of water illustrated ? at difference is there in re-
spect to-the time taken by a body to reach the ground, whether the curve
be great or small? Why do bodies forming different curves from the
same height, reach the ground at the same time ? .
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does not in the least interfere with the. force of gravity. A
ball flying horizontally at the rate of a thousand feet per
second, is attracted downwards with precisely the same force
as one flying only a hundred feet per second, and must
therefore descend the same distance in the same time.

229. The distance to which a ball will go, depends on the
force of impulse given it the first instant, and consequently
on its projectile velocity. If it moves slowly, the distance
will be short—if more rapidly, the space passed over will
be greater. It makes no difference, then, in respect to the
descent of the ball, whether its projectile motion be fast, or
slow, or whether it moves forward at all.

230. This is demonstrated by experiment. Suppose a
cannon to be loaded with a ball, and placed on the top of 2
tower, at such a height from the ground, that it would take
just three seconds for a cannon ball to descend from it to the
ground, if let fall perpendicularly. Now suppose the can-
non to be fired in an exact horizontal direction, and at the
same instant, the ball to be dropped towards the ground.
They will both reach the ground at the same instant, pro-
vided its surface be a horizontal plane from the foot of the
tower to the place where the projected ball strikes.

281. This will be made plain by fig. 32, where a is the

perpendicular line of the descending ball, ¢ b the curvilinear
patgeof that projected from the cannon, and d, the horizow-
tal line from the foot of the tower.
Fig. 33.
c
%

2 5

a

3 d. 4

Suppose two balls, one flying at the rate of a thousand, and the other
at the rate of a hundred feet per second, which would descend most

.daring the second 7 Does it make any difference in respect to the de-

scent of the ball, whether it has a’projectile motion or not? Sup
then, one ball be fired from a cannon, and another let fall from the same
heigixt at the same instant, would they both reach the ground at the
same time ? Explain fig. 32, showing tge reason why the two balls will
reach the ground at the same time. .
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The reason why the two balls reach the ground at the
same time, is easily comprehended.

232. During the first second, suppose that the ball which
is dropped, reaches 1; during the next second it falls to 2;
and at the end of the third second, it strikes the ground.
Meantime, the ball shot from the cannon is projected for-
ward with such velocity as to reach 4 in the same time tha
the other is falling to 1. But the projected ball falls down-
ward exactly as fast as the other, for it meets the line 1, 4,
which is parallel to the horizon, at the same instant. During
the next second, the projected ball reaches 5, while the other
arrives at two; and here again they have both descended
through the same downward space, as is seen by the line 2,
5, which is parallel with the other. During the third sec-
ond, the ball from the cannon will have nearly spent its pro-
jectile force, and, therefore, its motion downward will be
greater, while its motion forward will be less than before.
The reason of this will be obvious, when it is considered,
that in respect to gravity, both balls follow exactly the
same law, and fall through equal spaces in equal times.
Therefore, as the falling ball descends through the greatest
space during the last second, so that from the cannon, having
now a less projectile motion, its downward motion is more
direct, and, like all falling bodies, its velocity is increased as
it approaches the earth.

233. From these principles it may be inferred, that the
horizontal motion of a body through the air, does not ir the
least interfere with its gravitating motion towards the earth,
and, therefore, that a rifle ball, or any other body projected
forward horizontally, will reach the ground in exact{ the
same period of time, as one that is let fall perpendicharly
from the same height. '

234. The two forces acting on bodies which fall through
curved lines, are the same as the centrifugal and centripetal
forces, already explained ; the centrifugal, in case of the ball,
being caused by the powder—the centripetal, being the ac
tion of gravity.

235. Now, it is obvious, that the space through which a .

cannon ball, or any other body, can be thrown, depends on

‘Why does the ball approach the earth more rapidly in the last part
of the curve, than in the first part? What is the force called which
throws a ball forward? What is that called, which brings it to the

round? On what does the distance to which a projected body may be
thrown depend ? Why does the distance depand on the velocity 7 =~ *
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the velocity with which it is projected, for the attraction of
gravitation, and the resistance of the air, acting perpetually,
the z1me which a projectile can be kept ip motion, through
the air, is only a few moments.

236. If, however, the projectile be thrown from an ele-
vated situation, it is plain, that it would strike at a greater
distance than if thrown on a level, because it would remain
longer in the air. Every one knows that he can throw a
stone to a greater distance, when standing on a steep hill,
than when standing on the plain below.

237. Bonaparte, it is said, by elevating the range of his
shot, bombarded Cadiz from the distance of five miles. Per-
haps, then, from a high mountain, a cannon ball might be
thrown to the distance of six or seven miles.

238. Suppose the cir- Fig. 33
cle, fig. 33, to be the
earth, and a4, a . high
mountain on its surface.
Buppose that this moun-
tain relt:ches above the
atmosphere, or is
miles high, then a g?
non ball might perhaps
reach from a to b, a dis-
tance of eighty or a
hundred miles, because
the resistance of the at-
mosphere being out of
the calculation, it would
have nothing to contend with, except the attraction of gravi-
wtion. If, then, one degree of force, or velocity, would
send it to b, another would send it to ¢ : and if the force was
mcreased three times, it would fall at d, and if four times,
1t would pass to e. If now we suppose the force to be about
ten times greater than that with which a cannon ball is pro-
jected, it would not fall to the earth at any of these points,
but would continue its motion, until it again came to the
pomnt_a, the place from which it was first projected. It
would now be in equilibrium, the centrifugaf force being
just equal to that of gravity, and therefore it would perform

Explain fig. 33. Suppose the velocity of a cannon ball shot from a
& mountain 50 miles high, to be ten times its usual rate, where would
¥ stop? When would ball be in equilibrium 3
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another, and another revolution, and so continue to revolve
around the earth perpetually.

239. The reason why the force of gravity will not ulti-
mately bring it to the earth, is, that during the first vevolu-
tion, the effect of this force is just equal to that exerted in
any other revolution, but neither more nor less; and, there-
fore, if the centrifugal force was sufficient to overcome this
attraction during one revolution, it would also overcome it
during the next. It is supposed, also, that nothing tends to
affect the projectile force except that of gravity, and the
force of this attraction would be no greater suring any other
revolution, than during the first. :

240. In other words, the centrifugal and centripetal forces
are supposed to be exactly equal, and to mutually balance
each other; in which case, the ball would be, as it were,
suspended between them. As long, therefore, as these two
forces continued to act with the same power, the ball would
no more deviate from its path, than a pair of scales would
lose their balance without more weight on one side than on
the other.

241. It is these two forces which retain the heavenly
bodies in their orbits, and in the case we have supposed, our
cannon ball would become a little satellite, moving perpetu-
ally round the earth.

REsuLTANT MoOTION.

242. Sup}‘)ose two men to be sailing in two boats, each at
the rate of four miles an hour, at a short distance opposite
to each other, and suppose as they are sailing along in this

manner, one of the men throws the other an apple. In re--

spect to the boats, the apple would pass directly across, from
one to the other, that is, its line of direction would be per-
pendicular to the sides of the boats. But its actual line
through the air would be oblique, or diagonal, in respect to
the sides of the boats, because in passing from boat to boat,
it is impelled by two forces, viz., the force of the motion of
the boat forward, and the force by which it is thrown by the

hand across this motion.

‘Why would not the force of gravity ultimately bring the ball to the
earth? After the first revolution, if the two forces continued the same,
would not the motion of the ball be perpetual? Suppose two boats, sail-
ing at the same rate, and in the same direction, if an apple be tossed
from one to the other, what will be its direction in respect to the boats ?
‘What would be its line through the air, in respect to the boats ?
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243. This diagonal motion of the apple is called the re-
sultant, or the resulting wmotion, because it is the effect, or
result, of two motions, resolved into one. Perhaps this will

be more clear by fig. 34, where Fig. 34.
a b, and ¢ d, are supposed to be
the sides of the two boats, and & Gk, Y]

the lige ¢ f; that of the apple.
Now the apple when thrown,
has a motion with the boat at the
rate of four miles an hour, from ¢ £ d
¢ towards d, and this motion is e

supposed to continue just as though it had remained in the
boat. Had it remained in the boat during the time it was
passing from e to f; it would have passed from e to . But
we suppose it to have been thrown at the rate of eight miles
an hour in the direction towards g, and if the boats are
moving south, and the apple thrown towards the east, it

would pass in the same time, twice as far towards the east ‘

as it did towards the south. Therefore, in respect to the
boats, the apple would pass in a perpendicular line from the
side of one to that of the other, because they are both in
motion ; but in respect to one perpendicular line, drawn from
the point where the apple was thrown, and a parallel line
with this, drawn from the point where it strikes the other
boat, the line of the apple would be oblique. This will be
clear, when we consider, that when the apple is thrown, the
boats are at the points e and g, and that w?nen it strikes, they
are at % and f, these two points being opposite to each other.

The line e f, through which the apple is thrown, is called
the diagonal of a parallelogram, as already explained under
compound motion. _

244. On the above principle, if two ships, during a bat-

tle, are sailing before the wind at equal rates, the aim of the

gunners will be exactly the same as though they stood still ;
whereas, if the gununer fires from a ship standing still, at
another under sail, he takes his aim forward of the mark
he intends to hit, because the ship would pass a little for-
ward while the ball is going to her. And so, on the con-

‘What is this kind of motion called 7 ' Why is it called resultant mo-
tion? Explain fig. 34. 'Why would the line of the apple be actually

rpendicular in respect to the boats, but oblique in respect to parallel
ri::es drawn from where it was thrown, and where it struck ? How is
this further illustrated ? 'When the ships are in equal motion, where
does the gunner take his aim? Why does he aim forward of the mark,
when the other ship is in motion?
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trary, if a ship in motion fires at arother standing atill, the
aim must be behind the mark, because, &s the motion of the
ball partakes of that ef the ship, it will strike forward of
the point aimed at.

245. For the same reason, if a ball be dropped from the .
topmast of a ship under sail, it partakes of the motion of the
ship forward, and will fall in a line with the mast, and strike
the same point on the deck, as though the ship stood still.

246. If a man upon the full rnnWSropsa bullet before him
from the height of his head, he eannot run so fast as to over-
take it before it reaches the ground.

247. It is on this principle, that if a cannon ball be shot

“up vertically from the earth, it will fall back to the same
point; for although the earth moves forward while the ball
18 in the air, yet as it carries this motion with it, so the ball\
moves forward also, in an equal degree, and therefore comes
down at the same place.

248. Ignorance of these laws induced the story-making
sailor to tell his comrades, that he once sailed in a ship
which went so fast, that when a man fell from the mast-
head, the ship sailed away and left the poor fellow to strike
into the water behind her. :

PenpurLun.

249. A pendulum is a heavy body, such as a piece of
brass, or lead, suspended by a wire or cord, o as to swing
backwards and forwards. .

When a pendulum swings, it is said to vibrate ; and that
part of a circle through which it vibrates, is called its arc.

250. The times of the vibration of a pendulum are very
nearly equal, whether it pass through a greater or less part
of its arc.

Suppose a and b, fig. 35, to be two pendulums of equal
length, and suppose the weights of each are carried, the one
to ¢, and the other to d, and both let fall at the same in-

If & ship in motion fires at one.standing still, where must be the aim ?
‘Why, in this case, must the aim be behind the mark? What otker il-
lustrations are given of resultant motion? What is a pendulum %
‘What is meant Ey the vibration of a pendulum ? 'What is that part of a
circle called, through which it swings? Why does a pendulum vibrate
in equal time, whether it goes through a small or large part of its are ¥
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mstant; their vi- Fig. 5.
brations would @
be equal in re-

spect to time,

the one pass-

ing through its

arc from c to e,

and so back 2.

again, in the

same time that

-he other passes

from d to f, and back again.

251. The reason of this appears to be, that when the pen-
dulum is raised high, the action of gravity draws it more
directly downwards, and it therefore acquires, in falling, a
greater comparative velocity than is proportioned to the
trifling difference of height,

252. In the common clock, the pendulum is connected -
with wheel work, to regulate the motion of the hands, and
" with weights, by which the whole is moved. The vibra-
tions of the pendulum are numbered by a wheel having sixty
teeth, which revolves once in a minute. Each tooth, there-
fore, answers to one swing of the pendulum, and the wheel
moves forward one tooth 1n a second. Thus the second hand
revolves once in every sixty beats of the pendulum, and as
these beats are seconds, it goes round once in a minute. B
the pendulum, the whole machine is regulated, for the cloc
goes faster, or slower, according to its number of vibrations
in a given time. The number of vibrations which a pendu-
lum makes in a given time, depends upon its length, because
a long pendulum does not perform its journey to and from
the corresponding points of its arc so soon as a short one.

253. As the motion of the clock is regulated entirely by
the pendulum, and as the number of vibrations are as its
length, the least variation in this respect will alter its rate
of going. To beat seconds, its length must be about 39
inches. In the common clock, the length is regulated by a
screw, which raises and lowers the weight. But as the rod
to which the weight is attached, is subject to variations of

J

Describe the common clock. How many vibrations has the pendu-
lnm 1n a minute? On what depends the number of vibrations which
& pendulum makes in a given time? 'What is the medium lenPh of &
pendulum beating seconds? Why does a common clock go faster 1n
winter than in summer %

e
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length in conne(‘uence of the change of the seasons, being
contracted by cold and lengthered by heat, the common
clock goes faster in winter thas in summer.

254. Various means have been contrived to counteract
~ the effects of these changes, so that the pendulums may con-
tinue the same length the whole year. Among inventions -
for this purpose, the gridiron pendulum is considered the
best. 1t is so called, use it consists of several rods of
metal connected together at each end. :

255. The principle on which this pendulum is construct-
ed, is derived from the fact, that some metals dilate more by
the same degrees of heat than others. Thus, brass will di-
late twice as much by heat, and consequently contract twice
as much by cold, as steel. If then these differences could
be made to counteract each other mutually, given points at
each end of a system of such rods would remain stationary
the year round, and thus the clock would go at the same
rate in all climates, and during all seasons.

This importans object is accomplished by the Fig. 36.
follgwing means. . :

256. Suppose the middle rod, fig. 36, to be
made of brass, and the two outside ones of steel,
all of the same length. Let the brass rod be firmly
fixed to the cross pieces at each end. Let the steel
rod a, be fixed to the lower cross piece, and b, to
the upper cross piece. The rod 4, at its upper end,
passes through the cross piece, and, in liEe man- 3| } |8
ner, b passes through the lower one. This is
done to prevent these small rods from playing
backwards and forwards as the pendulum swings.

257. Now, as the middle rocf)eis lengthened by
the heat twice as much as the outside ones, and
the outside rods together are twice as long as the
middle one, the actual length of the pendulum can
neither be increased nor diminished by the variations of
temperature.

‘What is necessary in respect to the pendulum, to make the clock go
true the yearround ? What is the principle on which the gridiron pen-
dulum is constructed 7 What are the metals of which this instrument
is made ? Explain fig. 36, and give the reason why the length of the
pendulum will not change by the variations of temperature?
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258. To make this still plainer, sunpose the Fig. 37.
lower cross piece, fig. 37, to be standing on a ta- T§?6
ble, so that it could not be lengthened downwards,
and suppose, by the heat of summer, the middle
rod of brass should increase one inch in length, |
This would elevate the upper cross piecean inch, 4|} |5
but at the same time the steel rod a, swells half
an inch, and the steel rod 3, half an inch, there-
fore, the two points, ¢ and d, would remain exact- ;
ly at the same distance from each other. =

2359. Asitis the force of gravity which drawsthe weight
of the pendulum from the highest point of its arc down-
wards, and as this force increases, or diminishes, as bodies
approach towsdrds the centre of the earth, or recede from it,
20 the pendulum will vibrate faster, or slower, in proportion
- 18 this attraction is stronger or weaker.

260. Now, it is found that the earth at the equator rises
higher from its centre than it does at.the poles, for towards
the poles it is flattened. The pendulum, therefore, being
more strongly attracted at the poles than at the equator, vi-
brates faster. For this reason, a clock that would keep
exact time at the equator, would gain time at the poles, for
the rate at which a clock goes, depends on the number of
vibrations its pendulum makes. Therefore, pendulums, in
order to beat seconds, must be shorter at the equator, and
longer at the poles. '

or the same reason, a clock which keeps exact time at
the foot of a high mountain, would move slower on its top.

261. Metronome.—There is a short pendulum, used by mu-
sicians for marking time, which may be made to vibrate fast
or slow, as occasion requires. Thislittle instrument is call-
ed a metronome, and besides the pendulum, consists of seve-
ral wheels, and a spiral spring, by which the whole is
moved. This pendulum is only ten or twelve inches long,
and instead of being suspended Ky the end, like other pendu-
lums, the rod is prolonged above the point of suspension,
and there is a ball placed near the upper, as well as at the
lower extremity.

Explain fig. 37. What is the downward force which makes the pen-
"dulum vibrate ? Explain the reason why the same clock would go faster
at the poles, and slower at the equator. How can a clock which
trae at the equator be made to go true at the poles? Will a clock kee
equal time at the foot, and on the top of a high-mountain ? Why will
it not 7 What is the metronome? How does this pendulum differ from
eommon pendulums?
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262. This arrangement will be

urderstood by fig. 38, where a isthe
axig of suspension, b the upper ball,
and ¢ the lower one. Now when
this pendulum vibrates from the
point a, the upper ball constantly
retards the motion of the lower one,
by in part counterbalancing its
weight, and thus d;;reventing its full
velocity downwards.
- 263. Perhaps this will be more
apparent, by placing the ‘pendulum,
fig. 39, for 2 moment on its side, and
across a bar, at the point of suspen-
sion. In this position, it will

be seen, that the little ball :
would prevent the large one —O——I———O—
from falling with its full weight,

since, were it moved to a cer-
tain distance from the point of suspension, it would balance
the large one, so that it would not descend at all. It is
lain, therefore, that the comparative velocity of the large
1}, will be in proportion as the small one is moved to a
greater or less distance from the point of suspension. The
metronome is so constructed, the little ball being made to
move up and down on the rod, at pleasure, and thus its vi-
brations are made to beat the time of a quick, or slow tune
‘a8 occasion requires.
By this arrangement, the instrument is made to vibrate
every two seconds, or every half, or quarter of a second, &t
pleasure.

MECHANICS.

264. Mechanics is a science which investigates the laws
and effects of force and motion. :

265. The practical object of this science is, to teach the
best modes of overcomin7 resistances by means of mechan-
ical powers, and to apply motion to useful purposes, by
neans of machinery. i

How does the upper ball retard the motion of the lower one? How
is the metronome made to go faster or slower, at pleasure? ‘What is
mechanics? What is the object of this science?
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266. A machine is any instrument by which power, mo-
tion, or velocity, is applied, or regula

267. A machine may be very simple, or exceedingly com-
plex. Thus, a pin is a machine for fastening clothes, and a
steam engine is a machine for propelling mills and boats.

268. As machines are constructed for a vast variety of
purposes, their forms, powers, and kinds of movement, must
depend on their intended uses.

269. Several considerations ought to precede the actual
construction of a new or untried machine; for if it does not
answer the purpose intended, it is commonly a total loss to
the builder.

270. Many a man, on attempting to apply an old princi-
ple to a new purpose, or to invent a new machine for an old
purpose, has been sorely disappointed, having found, when
too late, that his time and money had been thrown away,
for want of proper reflection, or requisite knowledge.

271. If a man, for instance, thinks of constructing a ma-
chine for raising a ship, he ought to take into consideration
the inertia, or weight, to be moved—the force to be applied
—the strength of the materials, and the space, or situation,
he hasto work in. Fot, if the force applied, or the strength
of the materials, be insufficient, his machine is obviously
useless; and if the force and strength be ample, but the
space he wanting, the same result must follow.

272. If he intends his machine for twisting the fibres of
flexible substances into threads, be may find no difficulty in
respect to power, strength of materials, or space to work in,
but if the velocity, direction, and kind of motion he obtains,
be not applicable to the work intended, he still loses his
labour. '

273. Thousands of machines have been constructed,
which, so far as regarded the skill of the workmen, the in-
geniuity of the contriver, and the construction of the indi-
vidual parts, were models of art and beauty; and, so far as
could be seen without trial, admirably adapted to the intend-
ed purpose. But on putting them to actual use, it has too
often been found, that their only imperfection consisted in a
stubborn refusal to do any part of the work intended.

274. Now, a thorough knowledge of the laws of motion,
and the principles of mechanics, would, in many instances

What is a machine? Mention one of the most simple, and one of
&.moomplaxgzmuhinu
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at least, have yrevented all this loss of labour and momey,
and spared him so much vexation and chagrin, by showi
the projector that his machine would not answer the intend-
ed purpose.

275. The importance of this kind of knowledge is there-
fore obvious, and it is hoped will become more so as we
proceed. '

276. Definitions—In mechanics, as well as in other
sciences, there are words which must be explained, either
because they are common words used in a peculiar sense,
or because they are terms of art, mnot in common use.
All technical terms will be as much as possible avoided, but
still there are a few, which it is necessary here to explain.

277. Force is the means by which bodies are set in mo-
tion, kept in motion, and when moving, are brought to rest.
The force of gunpowder sets the ball in motion, and keeps
it moving, until the force of resisting air, and the force of gra-
vity, bring it to rest.

278. Power is the means by which the machine is moved,
and the force gained. Thus we have horse power, watex
power, and the power of weights.

279. Weight is the resistance, or the thing to be moved
by the force of the power. Thus, the stone is the weight to be
moved by the force of the lever, or bar.

280. Fulcrum, or prop, is the point or part on which a
thing is supported, and about which it has more or less mo-
tion. Inraising a stone, the thing on which the lever rests,
is the fulcrum. :

281. In mechanics, there are a few simple machines,
called the meckanical powers, and however mixed, or com-
plex, a combination of machinery may be, it consists only of
these few individual powers.

282. We shall not heré burthen the memory of the pu-
pil with the names of these powers, of the nature of which

e is at present supposed to know nothing, but shall explain
the action and use of each in its turn, and then sum up the
whole for his accommodation.

Tue LEVER.
288. Any rod, or bar, which is used in raising a weight,

‘What is meant by force in mechanics? 'What is meant by pownr %
What is nndenwoti by weight? ‘What is the fulerum ?  Are the me-
chanical powers numerous, or only few in number?
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er surmounting a resisiance, by being placed on a fulcrum,
or prop, becomes a lever.

284. This machine is the most simple of all the mechapi-
eal powers, and is therefore in universal use.

285. Fig. 40repre- Fig. 40.
sents a straight lever,
or handspike, called
also a crow-bar, which
is commonly used in
raiging and moving
stone and other heavy b
bodies. The block & c
is the weight, or re-
sistance, a is the lever, and ¢, the fulcrum.

286. The power is the hand, or weight of a man, applied
at a, ltxo depress that end of the lever, and thus to raige the
weight. , '

It will be observed, that by this arrangement, the applica-
tion of a small power may be used to overcome a great re-
sistance.

287. The force to be obtained by the lever, depends on it
Jength, together with the power applied, and the distance of
the weight and power from the fulcrum.

288. Suppose, fig. 41, that a . Fig. 4L
is the lever, b the fulcrum, d
the weight to be raised, and ¢
the power. Let d be consider-
ed three times as heavy as ¢,
and the fulcrum three times as
far from ¢ as it is from d ; then
the weight and power will ex-
actly balance cach other. Thus,
if the bar be four feet long, and the fulcrum three feet from
the end, then three pounds on the long arm, will weigh just
as much as nine pounds on the short arm, and these pro-
portions will be found the same in all cases.

289. When two weights balance each other, the fulcrum

‘What is alever? What is the simplest of all mechanical powers?
in fig. 40. Which is the weight? Where is the fulorum ? Where
is the power applied? What isthe power in this case? On what
does the force to be obtained by the lever depend 7 Suppose a lever 4
feet long, and the fulcrum one foot from the end, what number of
pounds will balance each other at the ends? When wej&nﬁu balases
each other, at what point between them must the fulcrum he?
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is always at the centre of gravity between them, and thers.
fore, to make a small weight raise a large one, the fulcrum
must be placed as near as possible to the large one, since
the greater the distance from the fulcrum the small weigh?
or power is placed, the greater will be its force.

290. Suppose the weight 5, Fig. 42.
fig. 42, to be sixteen pounds,
and suppose the fulcrum to be
placed so near it, as to be
raised by the power a, of four
pounds, hanging equally dis-
tant from the fulerym and the
end of the lever. If now the
power a, be removed, and
another of two pounds, ¢, be placed at the end of the lever,
{u force will be just equal to a, placed at the middle of the
ever.

291. But let the fuleram be moved along to the middle of
the lever, with the weight of sixteen pounds still suspended
to it, it would then take another weight of sixteen pounds,
instead of two pounds, to balance it, fig. 43.

292. Thus, the power which Fig. 43.
would balance 16 pounds,
when the fulcrum is in one
place, must be exchanged for
another power weighing eight
times as much, when the ful-
crum is in another place.

From these investigations,
we may draw the following
general truth, or proposition, concerning the lever: * Thas
the force of the lever increases in proportion to the distance
of the power from the fulcrum, and diminishes in pro-
portion as the distance of the weight from the fulcrum in-
creases.”

293. From this proposition may be drawn the following’
rul;, by which the exact proportions between the weight or
resistance, and the power, may be found. Multiply the

Squote a weight of 16 pounds on the short arm of a lever is coun-
terbilenced by 4 pounds in the middle of the logg arm, what power
would balance this weight at the end of the lever 7 Suppose the ful-
crum to be moved to the middle of the lever, what power would then be
equnt to 16 gounds ? What is the general proposition drawn from
hose results
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wesght by its distance from the fulcrum ; then multiply the
power by its distance from the same point, and if the prb-
ducts are equal, the weight and the power will balance each
other. C

294. Suppose a weight of 100 pounds on the short arm
of a lever, 8 inches from the fulcrum, then another weight,
or- power, of 8 pounds, would be equal to this, at the dis-
tance of 100 inches from the fulcrum; because 8 multiplied
by 100 is equal to 800; and 100 multiplied by 8 is equal
toh800, and thus they would mutuallpy counteract each
other. t o

295. Many instruments Fig. 4.
in common use are on the
principle of this kind of le-
ver. Scissors, fig. 44,
consist of two levers, the
rivet being the fulcrum for
both. The fingers are the
power, and the cloth to be
cut, the resistance to be
overcome. ‘

Pincers, forceps, and sugar cutters, are examples of this
kind of lever. ' Ty

296. A common scale-beam, used for weighing, isalever,
suspended at the centre of gravity, so that the two'arms
balance each other. Hence the machine is called a dalance.
The fulcrum, or what is called the pivot, is sharpened, like
a wedge, and made of hardened steel, so as much as possi-
ble to avoid friction. '

297. A dish is suspended by Fig. 45.
¢ords to each end or arm of the ©
lever, for the purpose of hold-
ing the articles to be weighed.

en the whole is suspended
at the point g, fig. 45, the beam
or lever ought to remain in a ,
borizontal position, one of its ’
ends being exactly as high as the other. If the weights in

What is the rule fog finding the proportions between the weight and
jewer? Give an illustration of this rule. 'What instruments operat
wn the principle of this lever? When the scissors are used, what is
the resistance, and what the power? In the common scale-beam,
vhem"h the fulerum? In what position ought the scale-beam @
eang ‘
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the two dishes are equal, and the support exactly in the cen
tre, they will always hang as represented in the figure.

298. A very slight variation of the point of support to-
wards one end of the lever, will make a difference in the
weights employed to balance each other. In weighing a
pound of sugar, with a scale beam of eight inches long, if
the point of support is half an inch too near the weight, the
buyer would be cheated nearly one ounce, and consequently
nearly one pound in every sixteen pounds. This fraud
might instantly be detected by charﬁing the places of the
sugar and weight, for then the difference would be quite
material, since the sugar would then seem to want twice as
much additional weight as it did really want.

299. The steel-yard differs from the balance, in having
its support near one end, instead of in the middle, and also
in having the weights suspended by hooks, instead of being
placed in a dish.

300. If we suppose the beam
to be 7 inches long, and the
hook, ¢, fig. 46, to be one inch
from the end, then the pound
weight a, will require an addi-
tional pound at b, for every inch
it is moved from it. This, how-
ever, supposes that the bar will )
balance itself, before any weights are attached to it.

In the kind of lever described, the weight to be raised is
on one side of the fulerum, and the power on the other.
Thus the fulcrum is between the power and the weight.

801. There is an. Fig. 47. ‘
other kind of lever, in P
the use of which, the '
weight is .placed be-
tween the fulcrum and ,_
the hand. In other
words, the weight to be
lifted, and the power by
which it is moved, are
on the same side of the

TOp. .
302. This arrangement is represented by fig. 47, where

How may a fraudulent scale-beam be made? How may the cheas
be dm«l{ How does the steel-yard differ from the bduuZﬂ
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w is the weight, [ the lever, fthe fulcrum, and p a pulley,
over which a string is thrown, and a small weight suspend-
ed, as the power. In the common use of a lever of the
first kind, the force is gained by bearing down the long
arm of the lever, which is cal¥ed prying. In the se-
cond kind, the force is gained by carrying the long arm in
a contrary direction, or upward, and this 1s called lifting.

. 803. Levers of the second kind are not so common asthe
first, but are frequently used for certain purposes. The"
oars of a boat are examples of the second kind. The water
against which the blade of the oar pushes, is the fulcrum,
the boat is the weight to be moved, and the hands of the
‘man the power.

304. T'wo men carrying a load between them on a pole,
is also an example of this kind of lever. Each man acts as
the power in moving the weight, and at the same time each
becomes the fulcrum in respect to the other.

If the weight happeuns to slide on the pole, the man to-
wards whom it goes, has to bear more of it in proportion as
its distance from him is less than before.

305. A load at q, fig. 48, is Fig. 48.
borne equally by the two men,

b. a
being equally distant from =
each other; but at b, three
quarters of its weight would

be on the man at that end, be-

cause three quarters of the’

length of the lever would be on the side of the other man.
306. In thethird, and last ° i

kind of lever, the weight is b

placed at one end, the ful-

crum at the other end, and

the power between them, or @

the hand is between the ful- ‘;Z

crum and the weight to be ¢

lifted. ;
307. This is represented d
by fig. 49, where ¢ is the

In the first kind of lever, where is the fulcrum, jn respect to the
weight and power } In the second kind, where is the fulcrum, in re-
spect o the weight and power? What is the action of the first kind
called? ‘What 1s the action of the second kind called? Give exam-
ples of the second kind of lever. In rowinga boat, what is the fulcrum,
what the weight, and what the power ? hat other illustrations of

is principle is given? In the S:;rd kind of lever, where are the re-
spective places of the weight, power, aud falerum 3
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fulcrum, a the power, suspended over the pulley 3, and
d is the weight to be raisern patey

808. This kind of lever works to great disadvantage, since
the power must be greater than the weight. It is therefore
seldom used, except in cases where velocity and not force isre-

uired. In raisinf a ladder from the ground to the roof of »

ouse, men are obliged sometimes to make use of this prin-
ciple, and the great diﬂiculty of doing it, illustrates the me
chanical disadvantage of this kind of lever.

309. We have now described three kinds of levers, and,
we hope, have made the manner in which each kind acts
plain, y illustrations. But to make the difference between
them still more obvious, and to avoid all confusion, we will
here compare them together.

310. In the first kind, the weight, or resistance, is on the
short arm of the lever, the power, or hand, on the long arm,
and the fulcrum between them. In the second kind, the
weight is between the fulcrum and the hand, or power; and,
in the third kind the hand is bejween the fulcrum and the
weight. - '

Fig. 50.

811. In fig. 50, the weiéht and hand both act downwards.
In 51, the weight and hand act in contrary directions, the

‘What is the disadvantage of this kind of lever? Give an example
of the use of the third kind of lever. In what direction do the hand
and weight act, in the first kind of lever 7 In what direction do they act
in the second kind? In what direction do they act in the third kind ?
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hand upwards and the weight downwards, the weight being
Yetween them. In 52, the hand and weight also act in con-
trary directions, but the hand is between the fulcrum and
the weight. )

312. Compound Lever.—When several simple levers ave
connected together, and: act one upon the other, the machine
is called a compound lever. In this machine, as each lever
acts as an individual, and with a force equal to the action of
the next lever upon it, the force is increased or diminished,

and == 3, in proportion to the number or
kind
Vv nd of lever by & single example,
but itive student to more extended
wor m of the subject.
31 Fig. 53.
53, repre-
sents a
compound
lever, con-
sisting of 3
simple le-
vers of the -
first kind.

314. In calculating the force of this lever, the rule ap-
plies, which has already been given for the simple lever,
namely, the length of the long arm is to be multiplied by the
moving power, and that of the short one, by the weight, or
resistance. Let us suppose, then, that the three levers in the
figure are of the same length, the.long arms being six
inches, and the short ones, two inches long; requir , the
weight which a moving power of 1 pound at a will balance
atb. In the first place, 1 pound at a, would balance 3
pounds at e, for the lever being 6 inches, and the power 1
pound, 6X1=6, and the short one being 2 inches, 2X3=6.
The long arm of the second lever being also 6 inches, and
moved with a power of 3 pounds, multiply the 3 by 6=18;
and multiply the length of the short arm, being 2 inches,
by 9=18. These two products being equal, the power upon
the long arm of the third lever, at d, would be 9 pounds.
9 poundsX6=54, and 272, is 54; so that one pound at &
would balance 27 at .

What is a comround lever 7 By what rule is the force of the com-
pound lever calculated ? How many pounds weight will be raised by

three levers connected, of eight inches each, with the fulerum twe
inches from the eng, by a power of one pound? :
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.« The increase of force is thus slow, because the proportion
. hetween the long and short arms, is only as 2 to 6, or in the
proportions of 1, 3, 9. o :
815. Now suppose the long arms of these levers to be 18
, inches, and the short ones 1 inch, and the result will be
-sdrprisingly different, for then 1 pound at ¢ would balance
18 pounds at ¢, and the second lever would have a power
of 18 pounds. This being multiplied by the length of the
lever, 18X18=324 pounds at d. Thethird lever would thus
be moved by a power of 324 pounds, which, multiplied by 18.
inches for the weight it would raise, would give 5832 pounds.
The compound lever is employed in the construction of
weighing machines, and particylarly in cases where great
weights are to be determined, in situations where other ma-
chines would be inconvenient, on account of their occupying
too much space. : '
WHEEL AND AXLE.

816. The mechanical power, next to the lever in sim-
plicity, is the wheel and azle. It is, however, much more
complex than the lever. It consists of two wheels, one of
which is larger than the other, but the small one passes
through the larger, and hence both have a common centre,
on which they turn. 4

.317. The manner in which Fig. 64.

‘this machine acts, will be un- a

* derstood by fig. 54. The large
wheel @, on turning the ma-
chine, will take up, or throw
off, as much more rope than
the small wheel or axle b, as
its circumference is greater.
If we suﬂpose the circumfer-
ence of the large wheel to be
four times that of the small
one, then it will take up the
rope four times as fast. And ' .
because & is four times as large as 5, 1 pound at d will bal
ance 4 pounds at ¢, on the opposite side.

b

If the long arms of the levers be 18 inches, and the short one one
inch, how much will a power of one pound balance? In whaj ma.
chines is the compound lever employed? What advantages do these
machines possess over others? What is the next simple mechanical
power to the lever 1 Describe this machine 7 Explain fig. 54. On what
principle does this machine act 1 .
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- 818. The principle of this machine is that of the .ev
as will be apparent by an examination of fig. 55. :

-319. This figure represents the ma- Fig. 55. )
chine endwise, 80 as to show in what
manner. that lever operates. The two
weights hanging in opposition to each
other, the one on the wheel at @, and
the other on the axle at 4, act in the &
same manner as if they were connected
by the horizontal lever @ b, passing
from one to the other, having the com-
mon centre, ¢, as a fulecrum between
“them.

320. The wheel and axle, therefore,
acts like a constant succession of levers,
the long arm being half the diameter of the wheel, and the
short one half the diameter of the axle ; the common cen-
tre of both being the fulcrum. The wheel and axle has,
therefore, becn called the perpetual lever.

321. The great advantage of this mechanical arrange-
ment is, that while a lever of the sume power can raise a
weight but a few inches at a time, and then only in a cer-
tain direction, this machine exerte a continual force, and in
any direction wanted. To charge the direction, it is onl
necessary that the rope by which the weight is to be raisex
should be carried in Fig. 56.

a line perpendicular
to the axis of the ma-
chine, to the place be-
low which the weight
lies, and there be let
fall over a pulley. -

322. Suppose the
wheel and axle, fig.
56, is erected in the
third story of a store
house, with the axle
over the scuttles, or
doors through the

In fig. 55, which is the fulerum, and which the two arms of the lever @
‘What is this machine called, in reference to the principle on which i
scts 7 What is the great advantage of this machine over the lever an
other mechanical powers ? Deseribe fig. 56, and point out the manr.;
in which weights can bonicedb_vlmingﬁll & rope over the puliey.
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floors, so that goods-can be raised by it from the ground
floor, in the directiou of the weight a. Sugpose, also, that
the sanis store stands on a wharf, where ships come up to
its side, and goods are to be removed from the vessels into.
the upper stories. Instead of removing the goods into the
swore, and hoisting them in the direction of g, it is only ne-
cessary to carry the rope b, over the pulley ¢, which is at
the end of a strong beam projecting out from the side of the
store, and then the goods will be raised in the direction of d,
thus saving the labour of moving them twice.

The wheel and axle, under different forms) is applied to a
variety of common purposes. .

323, The capstan, in universal Fig. 57.
use, oi board of 'sl\iﬂps and other
vessels, is an axle placed upright,
with a head, or drum, e, fig. 57,

ierced with holes, for the levers
l'xec' d. The weight is draw;ll‘ by
the rope e, passing two or three - )
tilq:ea rlc))eund 3:0 axle to prevent its—é-"—l \
slipping. .
his is a very powerful and

convenient machine. When not in use, the levers are taken
out of their places and laid aside, and when great foice is.
required, two or three men can push at each lever.

324. The common windlass for drawing water, is another
modification of the wheel and axle. The winck, or crank,
by which it is turned, is moved around%r the hand, and
there is no difference in Fig. S
the principle, whéther a8 =

a whole wheel is turn- ¢ i
ed, or a single spoke. “

The' winch, therefore,
answers to the wheel,"™
while the rope is takén
:&5, and the weight rais-

by the axle, as al-
ready described.

825. In cases where [ 1
great wei%hts are to be raised, and it is required that the
machine should be as small as possible, on account of room,

‘What is the capstan? Where is it chiefly used 7 What are the pe-
culiar advantages of this form of the wheel and axle? In the come.
mon wndln-, what part answers to the wheel 3 Explain fig. 58.
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the simple wheel and-axle, modified as represented by fig, -
58, 18 sometimes used. : :

326. The axle may be considered in two parts, one of
which is larger than the other. The rope is attached by
its two ends, to the ends of the axle, as seen in the figure,
The weight to be raised is attached to a small pulley, or
wheel, round which the rope passes. ‘The elevation of the
weight mar be thus described. Upon turning the axle, the
rope is coiled round the larger part, and at the same time it
is thrown off the smaller part. At every revolution, there-
fore, a portion of the rope will be drawn up, equal to the
circumference of the thicker part, and at the same time a
portion, equal to that of the thinner part, will be let down,
On the whole, then, one revolution of thé machine wilt
shorten the rope where the weight is suspended, just as
much as the difference between the circumference of the
two parts. '

327. Now, to understand the principleon  Fig. 59.
which this machine acts, we must refer to
fig. 59, where it is .obvious that the two
parts of the. rope a and J, equally support
the weight 4, and that the rope, as the ma-
chine turns, passes from the small part of
the axle ¢, to the large part A, consequently,
the weight does not rise in a perpendicular
line towards ¢, the centre of both, but in a

- line between the outsides of the large and
small parts. - Let us consider what would
be the consequence of changing the rope a
to the larger part of the axle, o as to place
the weight in a line perpendicular to the
axis of motion. In this case, it is obvious that the machine
would be in equilibrium, since the weight 4 would be di- .
vided between the two sides equally, and the two arms of a
lever passing through the centre ¢, would be of equal length,
and tll:::efore no advantage would be gained. But in the -
actual arrangement, the weight being sustained equdlly by
the large and small parts, tiere is involved a lever power,
the long arm of which is equal to half the diameter of the

‘Why is the rope shortened, and the weight raised 7 . What is the de-
sign of fig. 597 Does the weight rise pergend.iculu to the axis of mo-
tion? Suppose the cylinder was, throughout, of the same size, what
would be the consequence? On what principle does this machine act 3
Whic%l are the long and short arms of the lever, and where is the ful-
erum :

7°
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large part, while the short arm is equal to half the diameter
of the small part, the fulcrum being between them.

328, System of Wheels.—As the wheel and -axle is onl
a modification of the simple lever, so a system of whee
acting on each other, and transmitting the power to the re-
sistance, is only another form of the compound lever.

329. Such a combi- i
nation is shown in fig.
60. The first wheel,
a, by means of the
teeth, or cogs, around
its axle, moves the se-
cond wheel, b, with a
force equal to that of.
a lever, the long arm
of which extends from
the centre of the wheel
. and axle to the cir-
cumference of the
wheel, where the pow-
er p is suspended, and the short ggm from the same centre
to the ends of the cogs. The dotted line ¢, passing through
the centre of the wheel a, shows the position of the lever,
as the' wheel now stands. The centre on which both
wheels turn, it will be obvious, is the fulcrum of this lever.
As the wheel turng, the short arm of this lever will act upon
the long arm of the next lever by means of the teeth on the -
circumference of the wheel 4, and this again through the
teeth on the axle of 5, will transmit its force to the circurmr
ference of the wheel d, and so by the short arm of the thira
lever to the weight w. As the power or small weight falls
therefore, the resistance, w, is raised, with the multiplies
force of three levers, acting on each otber. :

330. In respect to the force to be gained by sucha ma
chine, suppose the number of teeth on the axle of the wheel
a, to be gix times less than the number of those on the cir.
cumference ‘of the.wheel 5, then  would only turn round
once, while a turned six times. And, in like manner, if
the number of teeth on the circumference of d, be six times
greater than those on the axle of 5, then d would turn once,

Jn what principle does a systerh of wheels act, as represented in fig.
607 Ex val::ﬂg. ,andlh{vhowthepoworpil::upmferredbytli

mnof vers to .
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while 5 turmed six times. Thus, six revolutions of 4 wonld
- make b revolve once, and six revolutions of 4 would make
d revolve once. Therefore, o makes thirty-six revolations
while d makes only one. - ,

331. The diameter of the wheel a, being three times the
diameter of the axle of the wheel d, and itz velocity of mo-
tion being 36 to 1, 3 times 36 will give the weight which
8 power of 1 pound at » would raise at . Thus 36X3=108.
One pound at p would therefore balance 108 pounds at 1.

382. No machine creates force.—If the student has attend-
ed closely to what has been said on nechanics, he will now
be prepared to understand, that no machine, however simple
or complex it may be, can create the least degree of force.
It is true, that one man with a machine, may apply a force
which a hundred could not exert with their hands, but then
it would take him a hundred times as long.

833. Suppose there are twenty blocks of stone to be moved
a bhundred feet;® perhaps twenty men, by taking each a
block, would move them all in a minute. One man, witha
capstan, we will suppose, may move them all at once, but
this man, with his lever, would have to make one revolution
for every foot he drew the whole load towards him, and
therefore to make ong hundred revolutions to- perform the
whole work. It would also take him twenty times as long
to do-it, as it took the twenty men. His task, indeed, woul
be more than twenty times harder than that performed by
the twenty men, for, in addition to moving the stone, he
would have the friction of the machinery to overcome, which
ccl)m::donly amounts to nearly one third of the force em-
ployed.-

3y34. Hence there would be an actual loss of power by
the uee of the capstan, though it might be a convenience for
the one man to do his work by its means, rather than to
call in nineteen of his neighbours to assist him.

335. The same principle holds good in respect to other
machinery, where the strength of man is employed as the
power, or prime maver. There is no advantage gained,
" except that of convenience. In the use of the most simple
of all machines, the lever, and where, at the same time, there

‘What weight will one pound at p balance at w1 Is there any actual
power gainez by the ugse of machinery 7 Suppose 20 men to move 20
stones to a certain distance with their hands, and one man moves
them back to the same glace with a capstan, which performs the most
actual labour? Why1 Why, then, is machinery a corvenience ?
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18 the least force lost by friction, there is no actual gain of

_ wower, for what seems to be gained in force is always lost
in velocity. Thus, if a lever is of such length to raise 100
pounds an inch by the power of one pound, its long arm
must pass through a space of 100 inches.- Thus, what is
gainéd in one way is lost in another.

336. Any power by which a machine is moved, must be
equal to the resistance to be overcome, and, in all cases
where the power descends, there will be a proportion be-
tween the velocity with which it moves downwards, and the
velocity with which the weight moves upwards. There
will be no difference in this respect, whether the machine be
simple or compound, for if its force be increased by increasing
the number of levers, or wheels, the velocity of the moving

wer must also be increased, as that of the resistance is

iminished. _

337. There being, then, always a proportion, between the
velocity with which the moving force déscends, and that
with which the weight ascends, whatever this proportion
may be, it is necessary that the power should have to the

- resistance the same ratio that the velocity of the resistance
has to the velocity of the power. In other words, * Tke
power multiplied by the space through which it moves, in
a vertical direction, must be equal to the weight multiplied
by the space through which it moves in a vertical direc-
tron.” .

338. This law is known under the name of *the law of
virtual velocities,” and is considered the golden rule of
mechanics. :

339: This principle has already been explained, while
treating of the lever (292); but that the student should want
nothing to assist him in ciearly comprehending so import-
ant a'law, we will again illustrate it in a different manner.

340. Suppose the weight of ten pounds to be suspended
on the short arm of the lever, fig. 61, and that the ful-
crum is only one inch from the weight; then, if the le-

In the use of the lever, what proportion is there hetween the force
of the short arm, and the velocity of the long arm? How is this illus-
trated 7 It is said, that the velocity of the power downwards, must
be in proportion to that of the weight upwards 7 Does it make any dif-
ference, in this respect, whether the machine be simple or compound 3
Xhm i: the golden ruleof mechanics? -Under what name is this iaw

own :
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ver be ten inches long, on the other sidle - Fig. 6l.

of the fulcrum, one pound at @ would raise, @
or balance, the ten poundsat 5. But :n

raising the ten pounds one inch in a ver- b .
tical direction, the long arm of the lever

must fall ten inches in a vertical direction,

and therefore the velocity of @ would be

ten times the velocity of z

341. The application of this law, or .
rule, is apparent. The power is one pound, and the space
through which it falls is ten inches, therefore 10X1=10.
The weight is 10 pounds, and the space through which it
rises is one inch, therefore 1X10==10.

" 342. Thus, the power, multiplied bv the space through
which it moves, is exactly equal to the weight, multiplied
by the space through wtllxlicb it moves.

. 343. Again, suppose the .

Iever, fig. 62, to %gozhirt Fig. &

inches long from the ful-
crum to the point where
the power p is suspended,
and that the weight w is
two inches from the ful-
crum. If the power be 1
pound, the weight must be
15 pounds, to produce equi-
librium, and the power p
maust fall thirty inches, to
raise the weight w 2 inch-
es. Therefore the power .
being one pound, angothe space 30 inches, 30X1=30. The
weight being 15 pounds, and the space 2 inches, 15X2==30.

* Thus, the power, multiplied by the space through which
it falls, and the weight multiplied" by the space through
which it rises, are equal. )

However complex the machine may be, bK which the
force of a descending power is transmitted to the weight to
be raised, the same rule will apply, as it does to the action
of the simple lever. .

* Explain fig. 61, and show how the rule is illustrated by that fgure.
Explain fﬁﬂ, and show how the same rule is illustrated by it. Wm
i said of the application of this ruleto complex machines?
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Tuz PuLLEyY. -
844. A pulley, consists of a wheel, which is grooved oL
y

the edge, and which is made to turn on its axis, by a chora
ing over it.
345. Fig. 63 represents a simple Fig.63.

pulley, with a single fixed wheel. In-
other forms of the machine, the wheel
moves up and down, with the weight.

346. The pulley isarranged among .
the simple mechanical powers; but
when several are connected, the ma-
chine is called a system of pulleys, or
a compound: pulley.

347. One of the most obvious ad-
vantages of the pulley is, its enabling
men to exert their own power, in places where they cannot
go themselves. Thus, by means of a rope and wheel, &
man can stand on the dec{ of a ship, and hoist a weight to
the topmast. |

By means of two fixed pulleys, a weight may be raised
upward, while the power moves in a horizontal direction.
The weight will also rise vertically through the same space
that the rope isdrawn horizontally. ‘

348. Fig. 64 re&reaents . Fig. 64.
two fixed pulleys, as they are
arranged for such a purpose.
In the erection of a lofty edi-
fice, suppose the upper pulley
to be suspended to some part
of the building ; then a horse,
pulling at the rope a, would
raise the weight w vertically,
as faras he went horizon-
tally.

849. In the use of the
wheel of the pulley, there is
no mechanical advantage, except that which arises from re.
moving the friction, and diminishing the imperfect flexibi-

ity of the rope.

‘What is & pulley? What is a simple pulley? What is a systems
of pulleys, or"a compound pulley ? . t is the most ocbvious advan-
tage of the pulley 7 How must two fixed pulleys be placed to raise's
weight vertically, as far as the power 'goel horizontally ? What is’

be advantage of the wheel of the puiley
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851). fn the mech#nical effects of this machine, the result
would be the same, did it slide on a smooth surface with the
same ease that its motion makes the wheel revolve.

351. The action of the pulley is on a different principle
from that of the wheel and axle. A system of wheels, as
already explained, acts on the same prin- Fig. 65.
ciple as the compound lever. But the
mechanical efficacy of a system of pul-
le‘y , is derived entirely from the division
of the weight among the strings employed
in suspending it. In the use of the single
Jized pulley, there can be no mechanical
advantage, since the weight rises as fast as
the power descends. This is obvious by 7
fig. 63; whereit is also apparent that the
power and weight must be exactly equal,
to-balance each other. - Fig.

352. In the single moveable pulley, fig. 65,
the same rope passes from .the fixed point g,
to the power p. It is evident here, that the
weight 1s supported equally by the two parts
of the string between which it hangs. TK:re-
fore, if we call the weight w ten pounds, five
pounds will be supported by one string, and %

five by the other. The power, then, will sup- ’
port twice its own weight, so that a person -
pulling with a force of five pounds at p, will
raise ten poundsat w. The mechanicarforce,
therefore, in respect to the power, is as two to
one.

In this example, it is supposed there are only
two ropes, each of which bears an equal part
of the weight. . ) .

353. If the number of ropes be increased,
the weight may be increased with the same
power; or the power may be diminished in
proportion as the number of ropes is increas-
ed. In fig. 66, the number of ropes sustain-
ing the weight is four, and therefore, the
weight may be four timesas great as the power.

How does the action of: the pulley differ from that of the wheel and
axle? Is there any mechanical advantage in the fixed pulley 7 What
ot Sf open b inersaaed, and e weiphi smoroused, rias he power ba

of ro) inc a ight i , must power
inuunse:ln‘l '
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This principle must be evident, since it is plain that each
Tope sustains an equal part of the weight. The weight
may therefore be considered as divided ifito four parts, and
each part sustained by one rope. . :

354. In fig. 67, there is a system of pulleys represented,
in which the weight is sixteen times the power.

.855. The tension of the ro Fig. 67.

d, ¢, is evidently equal to thes 7
power, p, because it sustains it:
d, being a moveable pulley, must
sustain a weight equal to twice
the powdr; but the weight which
it sustains, is the tension of the
second rope, d, c. Hence the ten-
sion of the second rope is twice
that of the first, and, in like
manner, the tension of the third
rope is twice that of the second,
and so on, the weight being equal
to twice the tension of the last
rope. )

356. Suppose the weight w,to
be sixteen pounds, then the two

- ropes, 8 and 8, would sustain
just 8 pounds each, this being §
the whole weight divided equally
between them. The next two
ropes, 4 and 4, would evidently
sustain but half this whole
weight, because the other half is already sustained by a
Tope, fixed at its upper end. The next two ropes sustain
but half of 4, for the same reason; and the next pair, 1 and
1, for the same reason, will sustain only half of 2. Lastly,
the power p, will balance two pounds, because it sustaing
but half this weight, the other half being sustained by the
same rope, fixed at its upper end.

357. It is evident, that in this system, each rope and pul-
ley which is added, will double the effect of the whole.
Thus, by adding another rope and pulley beyond 8, the

Suj the weight, fig. 66, to be 32 pounds, what will each ro]
bear mplain ﬁf 67, gﬁd show wbat!;;:n of the weight each ve
susteins, and why 1 pound at p will balance 16 pounds at . . Explain
the reason why each additional rope and pulley will double the effect
of the whole, or why its weight may bedoupi:le by that of all the others,
-with the same power.
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weight w might be 32 pounds, imstead of 16, end still be

balanced by the same power.

358. In our calculations of the effects of pulleys, we have
‘allowed nothing for the weight of the pulleys themaelves, or
for the friction of the ropes. In practice, however, it will
be found, that nearly one third must be allowed for friction,
and that the power, therefore, to actually raise the weight,
must be about one third greater than has been allowed.

359. The pulley, like other machines, obeys the laws of
virtual velocities, already applied to the lever and wheel.
Thus, * in a system of pulleys, the ascent of the weight, or re-
sistance, is as much less than the descent of the power, as the
weight is greater than the power.” If, as in the last example,
the weight is 16 pounds, and the power 1 pound, the weight
will rise only one foot, while the power descends 16 feet.

360. In the single fixed pulley, the weight and power are
equal, and, consequently, the weight rises as fast as:the

wer descends.

361. With such a pulley, a man may raise himself up to
the mast head by his own weight. Sggpose a rope is thrown
over a pulley, and a man ties one end of it round his body,
and takes the other end in his hands; he may raise himself
l‘p, because, by pulling with his hards, he has the powet
of throwing more of his weight on that side than on the
other, and when he does.this his body will rise. 'Thus, al-
though the power and the weight are the sume individual,
still the man can change his centre of gravity, so as to maké
the power greater than the weight, or the weight greater
than the power, and thus can elevate one half his weight in
succession.

TaE INcLINED PLANE.

862. The fourth simple me- Fig. 68.
chanical power is the inclined o
plane.

This power consists of a plain,
smooth surface, which isinclined
towards, or from the earth. 1tis
represented by fig. 68, where 3
from a to b is the inclined plane ; d
the line from d to a, is its Aeight,
and that from & to d, its base. ‘
In compound machines, how much of the power must be allowed fot

the friction? How may a man raise himself up b{ means of a ropé
and single fixed pglley? ‘What i8 an inclined plane

.
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A board, with one end on the ground, and the other end
resticg on a block, becomes an inclined plane.

363. This machine, being both useful and easily con-
structed, is in very general use, esrecinlly where heavy
bodies areto be raised only to a small height. Thus a man,
by means of an inclined plane, which he can readily con-
struct with a board, or couple of bars, can raise a load into
his wagon, which ten men could not lift with their hands.

364. The power required to force a given weight up an
inclined plane, is in a certain proportion to its height, and
the length of its base, or, in other words, the force must be
in proportion to the rapidity of its inclination.

365. The power p, Fig. €9.
fig. 69, pulling a weight
up the inclined plane,
from ¢ to d, only raises
itin a perpendicular di-
rection from e to d, by
acting along the whole
length of the plane. If
the plane be twice as
long as it is high, that is, if the line from c to d be double
the length of that from e to d, then one pound at p will bal-
ance two pounds any where between d and ¢. It is evident,
by a glance at this figure, that were the base, that is, the line
from e to ¢, lengthened, the height from e to d heing the same,
that a less power at p, would balance an equal weight any
where on the inclined plane; and so, on the contrary, were
the base made shorter, that is, the plane more steep, the
power must be increased in proportion.

366. Suppose two inclined Fig. 70.

lanes, fig. 70, of the same

eight, with bases of differ-
ent lengths ; Yhen the weight
and power will be to each
other as the length of the-
planes. If the Iength from ¢
ato b, is two feet, and that

On what occasions is this power chiefly used? Suppose a man
wants to load a barrel of cider into his wagon, how does he make arn
nclined plane for this purpose? To roll a given weiig}gt up an inclined

lane, to what must the force be ﬁ:ogorﬁoned 1 Explain fig,69. If the
ﬂngth of the long plane, fig. 70, ouble that of the short one, what
must be the proportion between the power and the weight? .
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from b to ¢, one foot, then two pounds at d will balance four
unds at w, and so in this proportion, whether the planes
longer or shorter.

367. The same principle, with respect to the vertical ve-
locities of the weight and powers, applies to the inclined
plane, in common with the other mechanical powers.

Suppose the inclined plane, Fig. 71.
fig. 71, to be two feet from a to
b, and one foot from ¢ to b, then,
as we have already seen by fig.
69, a power of one -pound at p,
would balance a weight of two
pounds at w. Now, in the fall
of the power to draw up the @ 4
weight, it is obvious that its ver-
tical descent must be just twice r
the vertical ascent of the weight .
for the power must fall down the distance from a to b, to
draw the weight that distance; but the vertical height to
which the weight » is raised, is only from ¢ to . ‘Thus
the power, being two pounds, must fall two feet, to raise the
weight, four ;;ounds, one foot; and thus the power and
weight, multiplied by the several velocities, are equal.

368. When the power of an inclined plane is considered
as a machine, it must therefore be estimated by the proportion
which the length bears to the height; the power being in-
;:srfue(sied in proportion as the elevation of the plain is dimin-

4

Hilly roads may be regarded as inclined e(;;ltums, and loads
drawn upon them in carriages, considered in reference to
the powers which impel them, and subject to all the con-
ditions which we™have stated, with respect to inclined planes.
869. The power required to draw a load up a hill, is in
gzponion to the lengt and elevation of the inclined plane.
a road, perfectly horizontal, if the power is sufficient to
overcome the friction, and the resistance of the atmosphere,’
the carriage will move. But if the road rise one foot in
fifieen, besides these impediments, the moving power will
have to lift one fifteenth part of the load.
370. If two roads rise, one at the rate of a foot in fifteen
feet, and another at the rate of a foot in twenty, then the

. What is said of the arplimion of the law of vertical velocities to
the inclined plane? Explain fig. 71, and show why the power must
fall twioc as far as the weight rises.
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samo pewer that would meve a given weight’ fifteen feet on
the one, would move it twenty feet on the other, in the same
time.

In the building of roads, therefore, both speed and power
are very often sacrificed to want of judgment, or ignorance
of these laws, '

371. A road, as every traveller knows, is often continued
directly over a hill, when half the power, with the increase
of speed, on a level road around it, would gain the same dis-
tance in half the time. .

Besides, where is there a section of country in which the
traveller is not vexed with roads, passing straight over hills,
when precisely the same distance would carry him around
them on a level plage. To use a homely, but very perti-
pent illustration, “the bale of a pot is no longer, when it
lies down, than when it stands up.” Had this simple faot
been noticed, and its practical bearing carried into effect b
road makers, many a high hill would have been shunn
for a circuit around its base, and many a poor horse, eould he
speak, would thank the wisdom of such an invention.

Tue WEbGE.

372. The next simple mechanical power is the wedge
‘This instrument may be considered as two inclined planes,
placed base to base. It is much employed for the purposs
of splitting or dividing solid bodies, such as waod and stoe,

Fig. 72 represents such a wedge asis usually Fig. 72,
employed in cleaving timber. This instrument :
is also used in raising ships, and preparing them *
to launch, and for a variety of other purpeses.
Nails, awls, needles, and many cutting instru-
ments, act on the principle of tiis machine.

There is mncg difficulty in estimating the
power of the wedge, since this depends on the
force, or the number of blows given it, together
with the obliquity of its sides. A wedge of
greut obliquity would require hard blows to

rive it forwarg, for the same reason that a plane,
much inclined, -requires much force to roli'a
heavy body up it. But were the obliquity of the
wedge, and tge force of each blow given, still it would be

On what principle does the wedge act? In what case is this power
useful ? Wl?at wgmon inurumenf: act on the principle of the wedga?
‘What difficulty is there in estimating the power of the wedge ¥
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difficult to ascertain the exact power of the wedge in ordi-
fnary cases, for, in the splitting of timber and stone, for in-
stance, the divided fparts act as levers, and thus greatly in-
crease the power of the wedge. Thus, in a log of wood,
six feet long, when split one half of its length, the other half
is divided with ease, use the two parts act as levers, the
lengths of which constantly increase, as the cleft extends
from the wedge.

TrE ScrEW.

373. The serew is the fith and last simple mechanical
power. It may be considered as a modification of the in-
clined plane, or as a winding wedge. It is an inclined
plane running spirally round a - Fig. 1.
spindle, as will be seen by fig. 73. «

Suppose a to be a piece of paper,
cut into the form of an inclined
plane, and -rolled round the piece
of wood d; its edge would form
the spiral line, called the thread
of the screw. | u]

If the finger be placed between
" the two threads of a screw, and the screw be turned round
once, the finger will be raised upward equal to the distance
of the two threads apart. In this manner, the finger is
raised up the inclined plane, as it runs round the cylinder

374. The power of the screw is .
transmitted and employed by means Fig. 4.
of another screw called the nut, §€)=
through which it passes. This has - =
a spiral groove running through it, n
which exactly fits the thread of the
screw.

375. If the nut is fixed, the screw
itself, on turning it round, advances
forward ; but if the screw is fixed,
the nut, when turned, advances
along the screw.

Fig. 74 represents the first kind
of screw, being such as is commonly:
used in pressing paper, and other substances. The nut, »,

—1

On what principle does the screw act? How is it shown that the
screw is a modification of the inclined plane? Explain fig. 74. Which
is the screw, and whichstlxe nut ? ]
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through which the screw passes, answers also for one of the
beams of the press. If the screw be turned to the right, it _
will advance downwards, while the nut stands stil1

876. A screw of the second Fig. .
kind is represented by fig. 75. s

In this, the screw is fixed, while
the nut, %, by being turned by the
lever, I, from right to left, will ol ]

advance down the screw.

377. In practice, the screw is
never used as a simple mechani-
cal machine; the power being al-
ways applied by means of a lever,
passing through the head of the
screw, as in fig. 74, or into the
nut, as in fig. 75. i

The screw, therefore, acts with
the combined power of the inclined plane and the lever, and
its force is such as to be limited only by the strength of the
materials of which it is made.

378. In investigating the effects of this machine, we must,
therefore, take into account both these simple mechanical
powers, so that the screw now becomes really a compound
engine. :

379. In the inclined plane, we have already secn, that
the less it is inclined, the more easy is the ascent up it. In
applying the same principle to the screw, it is obvious, that
the greater the distance of the threads from each other, the
more rapid the inclination, and, consequently, the greater
must be the power to turn it, under a given weight. On the
contrary, if the thread inclines downwards but slightly, a
will turn with less power, for the same reason that a man
can roll a heavy weight up a plane but little inclined.
Therefore, the finer the screw, or the nearer the threads to
each other, the greater will be the pressure under a given
power.

380. Let us suppose two screws, the one having th

‘Which wey must the screw be turned, to make it advance througl
the nut ? How does the scrgw, ﬁ%. 75, differ from fig.74 1 Is the scre:
ever used as a simple machine? By what other simple power is
moved ? 'What two_simple mechanical powers are concerned in th
force of the screw? Why does the nearness of the threads make a di(-
ference in the force of the screw ? Suppose one screw, with its thready
one inchvam and another balf an inch apart, what will be their di®
ference in %
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threads one inch apart, and the other half an inch apart;
then the force which the first screw will give with the
same power at the lever will be only half that given by the
second. The second 'screw must be turned twice as many
times round as the first, to go through the same space, but
what is lost in velocity is gained in power. At the lever of
the firs:, two men would raise a given weight to a given
height by making one revolution ; while at the lever of the
second, one man would raise the same weight to the same
height, By making two revolutions.

381. It is apparent that the length of the inclined plane,
up which a body moves in one revolutidn, is the circumfer-
ence of the screw; and its height, the interval between the
threads.. The proportion of its power would therefore be
“as the circumference of the screw, to the distance between
the threads, so is the weight to the power.”

382. By this rule the power of the screw alone can be
found ; but as this machine is moved by means of the lever,
we must estimate its force by the combined power of both.
In this case, the circumference described by the end of the
lever employed, is taken, instead of the circumference of the
screw itself The means by which the force of the screw
may be found, is therefore by multiplying the circumference
which the lever describes by the power. Thus, *zhe
power multiplied by the circumference which it descrides, is
equal to the weight or resistance, multiplied by the distance
between the two contiguous threads.” Hence the efficacy
of the screw may be increased, by increasing the length of
the lever by which it is turned, or by diminishing the dis-
tance between the threads. If; then, we know the length of
the lever, the. distance between the threads, and the weight
to be raised, we can readily calculate the power;- or, the
fower being given, and the distance of the threads and the

ength of the lever known, we can estimate the weight
the screw will raise.

383. Thus, suppose the length of the lever to be forty
inches, the distance of the threads one inch, and the weight
8000 pounds ; required, the power, at thie end of the lever, to
raise the weight.

‘What is the len'it:c of the inclined plane T‘which a body moves by
one revolution of thescrew ? What would be the height to which the
same body would move at one revolution? How is the force of the
ecrew estimated? How may the efficacy of the screw be increased
The length of the lever, the distance between the threads, and the
Wweight being known; how can the power be found %
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884. The lever being 40 inches, the diameter of the cir-
cie, which the end describes, is 80 inches. The circum‘er-
ence is a little more than three times the diameter, but we
will call it just three times. Then, 80X3==240 inches, the
circumference of the circle. The distance of the threads is
1 inch, and the weight 8000 pounds. To find the power,
multiply the weight by the distance of the threads, and di-
vide by the circumference of the circle. Thus,

circum. in, weight. power.
240 X _1 :: 8000 == 334
The power at the end of the lever must therefore be 33%
pounds. In practice this power would require to be in-
creased about one third, on account of friction.

385. Perpetual Screw.—The force of the screw is some-
times employed to turn a wheel, by acting on its teeth. In
. this case 1t is called the perpetual screw.

386. Fig. 76 represents such Fig. 76.
a machine. It is apparent, that 3..<
by turning the crank c, the wheel.
will revolve, for the thread of the M
_ screw passes between the cogs ‘2,
Vs

of the wheel. By means of an
axle, through the centre of this
wheel, like the common wheel
and axle, this becomes an ex-
ceedingly powerful machine, but
like all other contrivances for ob-
taining great power, its effective
motion is exceedingly slow. It 4 .
has, however, some disadvantages, and particularly the great
friction between the thread of the screw and the teeth of the
wheel, which prevents it from being generally employed to
raise weights, ‘ .

387. All these Mechanical Powers resolved into three.—
‘We have now enumerated and described all the mechanichi

wers usually denominated simple. They are five in num-

r, namely, the Lever, Wheel and Axle, Pulley, Wedge,
Inclined Plane, and Screw.

388. In respect to the principle on which they act, they
may be resolved into three simp{’e powers, nawmely, the lever,
the inclined plane, and the pulley; for it has been shown

J

- Give an example. What is the screw called when it is employed
toturn a wheel? What is the object of this machine for raising
weights? How many simple mechanical powers are there 7 and what
are theycalled? How can they be resolved into three simple powers?
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thut the wheel and axle is only another form of the lever,
and that the screw is buta modification of the inclined plane.

389. It is surprising, indeed, that these simple powers
¢can be so arranged a modified, as to produce tKe different
actions in all that vast variety of iniricate machinery which
men have invented and constructed.

390. The variety of motions we witness in the little en-

ine which makes cqrds, by being suiplied with wire for
&e teeth, and strips of leather to stick them through, would
itself seem to involve more mechanical powers than those
enumerated. This engine takes the wire from a reel, bends
it into the form of teeth ; cuts it off; makes two holes in the
Ieather for the tooth to pass through; sticks it through;
then gives it another bend, on the opposite side of the leather ;
graduates the spaces between the rows of teeth, and between

ne tooth and another; and, at the same time, carries the
eather backwards and forwards, before the point where the
teeth are introduced, with a motion so exactly correspond-
ing with the motions of the parts which make and stick the
teeth, as not to produce the difference of a hair’s breadth in
the distance between them.

391. All this is done without the aid of human hands,
any farther than to put the leather in its place, and turn o
¢rank ; or, in some instances, many of these machines are
turned at once, by means of three or four dogs, walking on
an inclined plane which revolves.

392. Such a machine displays the wonderful ingenuity
and perseverance of man, and at first sight would seem to
set at nought the idea that the Jever and wheel were the
chief simple powers concerned in its motions. But when
these motions are examined singly and deliberately, we are
soon convinced that the wbeef variously modifled, is the
principal mechanical power in the whole engine.

393. Use of Machinery.—1It hasalready been stated, (332)
that notwithstanding the vast deal of time and ingenuity
which men have spent on the construction of machinery,
and in attempting to multiply their powers, there has, as
{aet, been none produced, in which the power was not ob-

ined at the expense of velocity, or velocity at the expense
of power; and, therefore, no actual force is ever generated
by machinery. ' :

‘What is said of the card making machine? What are the ckief
mechanical powers concerned in its motions 7 Is there any actual force

merated by machi ? Can velocity and great force be pro-
ﬁfm by tkz same mac;nlncry'l hy not 3 "

k)
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894. Suppose a man able to raise a weight by meansofa
compound pulley of ten ropes, which it would take ten men
to raise, by one rope, without pullera. If the weight is
to be raised a yard, the ten men by pulling their rope a Iard
will do the work. But the man with the pulleys must draw
his rope ten yards to raise the weight one yard, and in ad-
dition to this, He has to overcome the friction of the ten pul-
leys, making about one third more actual labour than was
employed by the ten men. But notwithstanding these in-
conveniences, the use of maéhinery is of vast importance to
the world.

395. On board of a ship, a few men will raise an anchor
with a capstan, which it would take ten or twenty times the
same number to raise without it, and thus the expense of
shipping men expressly for this purpose is saved.

396. One man with a lever, may move a stone which it
would take twenty mento move without it, and though it
should take him twenty times as long, he would still be the
gainer, since it would be more convenient, and less expen-
sive for him to do the work himself, than to employ twenty
others to do it for him. -

397. When men employ the natural elements as a power
to overcome resistance by means of machinery, there is a
vast saving of animal labour. Thus mills, and all kinds of
engines, which are kept in motion by the {)ower of water, or
wind, or steam, save animal labour equal to the power it
takes to keep them in motion.

HYDROSTATICS.

898. Hydrostatics is the science which’ treats of the
weight, pressure, and equilibrium of water, or other fluids,
when in a state of rest. '

399. Hydraulics is that part of the science of fluids which
treats of water in motion, and the means of raising and
conducting it in pipes, or otherwise, for all sorts of purposes.

400. The subject of water at rest, will first claim investi-
gation, since the laws which regulate its motion will be best
understood by first comprehending those which regulate its

ressure.

401. A fluid is a substance whose particles are easily
moved among each other, as air and water, :

‘Which performs the greatest labour, ten men wholift a weight with
their hands, or one man who does the same with ten pulleys?  Why %
What is hydrostatics? How does hydraulics differ from hydrostatics?
‘What is a fluid 3 ) ;
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402. The air is called an elastic fluid, because i iseuily
compressed into a smaller bulk, and returns again to its ori-
ginal state when the pressure is removed. ater is called
a non-elastic fluid, because it admits of little diminution of
bulk under pressure. .

403. The non-elastic fluids, are perbaps more properly
called liquids, but both terms are employed to signify water
and other bodies possessing its mechanical properties. The
term fluid, when applied to the air, has the word elastic be-
fore it. :

404. One of the most obvious properties of fluids, is the
facility with which they yield to the impressions of other
bodies, and the rapidity with which they recover their form-
er state, when the pressure is remgved. The cause of this,
is apparently the freedom with which the particles of liquids
slide over, or among each other; their cohesive attraction
being so slight as to be overcome by the least impression.
On this want of cohesion among their particles seem to de-

nd the peculiar mechanical properties of these bodies.

405. In solids, there is such a connexion between the
particles, that if one part moves, the other part must move
also. But in fluids, one portion of the mass may be in mo-
tion, while the other is at rest. In solids, the pressure is
always downwards, or towards the centre of the earth's
gravity ; but in fluids the particles seem to act on each other
as wedges, and hence, when confined, the pressure is side-
ways, and even upwards, as well as downwards.

406. 'Water has commonly been called a non- Fig. 77.
elastic substance, but it is found that under great
pressure its volume is diminished, and hence it is

proved to be elastic. The most decisive experi- b
-nents on this subject were made within a few years c
oy Mr. Perkins. 2

407. The experiments were made by means of a
hollow cylinder, fig. 77, which was closed at the
bottom, and made water tight at the top, by a cap,
screwed on. Through this cap,at a, passed the
rod b, which was five sixteenths of an inch in diam-
eter. The rod was so nicely fitted to the cap, asalso
to be water tight  Around the rod at ¢, there was |
placed a flexible ring, which could be easily push-

* What is an elastic fluid? Why is air called an elastic fluid ? What
substances are called liquids ? hat is one of the most obvious pro-
m:s of li u%dﬂ On what do the peculiar mechanical propertics of
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ed up or down, but fitted so closely as to' remain on bny
where it was placed.

408. A cannon of sufficient size to receive this cylinder,
which was three inches in' diameter, was furnished with a
strong cap and forcing pump, and set vertically into the
ground. The cannon and cylinder were next filled with
water, and the cylinder, with its rod drawn out, and the ring
placed down to the cap, as in the figure, was plunged into
the cannon. The water in the cannon was then subjected
to an immense pressure by means of the forcing pump, af-
ter which, on examination of the apparatus, it was found
that the ring ¢, instead of being where it was placed, was
eight inches up the rod. 'The water in the cylinder being
compressed into a°smaller space, by the pressure of that in
the cannon, the rod was driven in, while under pressure,
but was forced out again by the expansion of the water,
when the pressure was removed. Thus, the ring on the
rod would indicate the distance to which it had been forced
in, during the greatest pressure.

409. This experiment proved that water. under the
pressure of one thousand atmospheres, that is, the weight of
15,000 pounds to the square inch, was reduced in bulk about
one part in 24. .

410. So slight a degree of elasticity under such immense
pressure, is not appreciable under ordinary circumstances,
and therefore in practice, or in common experiments on this
fluid, water is considered as non-elastic.

EquaL PrEssure oF WATER.

411. The particles of water, and other fluids, when con- .
fined, press on the vessel which confines them, in all direc-
tions, both upwards, downwards, and sideways.

From this property of fluids, together with their weight,
gr cgel('lavity, very unexpected and surprising effects are pro-

uced.

412. The effect of this property, which we shall first ex-
amine, is, that a quantity of water, however small, will
balance another quantity however large. Such a proposi-

In what t does the pressure of a fluid differ from that of a sond ¥
Is water an elastic, or non-elastic fluid ? Describe fig. 77, and show
how water was found to be elastic? In what proportion does the bulk
of water diminish under a pressure of 15,000 pounds to the square.
inch? In common experiments, is water considered elastic, or non

elagtic When water is confined, in what dirsction does it press ?




. HYDROSTATICS. o7

tion at first thought might seem very improbable. But on
examination, we shall find that an expériment with a very
simple apparatus will convince any one of its truth. In-
deed, we every day see this dprinciple established by actual
experiment, as will be seen directly.
413. Fig. 78 represents a common cof- Fig. 8.
fee-pot, supposed to be filled up to the dot-
ted line a, with a decoction of coffee, or a
any other liquid. The coffee, we know,
stands exactly at the same height, both in
the body of the pot, and in its spout.
Therefore, the small quantity 1n the spout,
balances the large quantity in the pot, or
presses with the same force downwards, as that in the body
of the pot presses upwards. This is obviously true, other-
wise, the large quantity would sink below the dotted line,
while that in the spout would rise above it, and run over.
414. The same principle is more strik- Fig. 7.
ingly illustrated by fig. 79. -
Suppose the cistern a to be capable of
holding one hundred gallons, and into its a
bottom there be fitted the tube 4, bent, as
scen in the figure, and capable of con-
taining one gallon. The top of the cis-
tern, aud that of the tube, being open,
pour water into the tube at ¢, and it will
rise up through the perpendicular bend
into the cistern, and if the process be con-
tinued, the cistern will be filled by pour-
ing water into the tube. Now, it 18 plain, that the gallon
of water in the tube, presses against tge hundred gallons in
the cistern, with a force equal to the pressure of the hun-
dred gallons, otherwise, that in the tube would be forced up-
wards higher than that in the cistern, whereas, we find that
the surfaces of both stand exactly at the same height.
. 415. From these experiments we learn, “that the press-
ure of a fluid is not in proportion to its quantity, but to its
Reight, and that a large quantity of water in an open ves-
sel, presses down with no more force, than a small quantity
of the same height.”

. How docs the experiment with the coffee-pot show that a small quan-
tity of liquid will balance a large one 1 Explain fig. 79, and show how
the pressure in the tube is equal to the pressure in the cistern. What
cmclusion, or general téuth, is to be drawn from these experiments
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416. In this respect, the size or shape of a' vessel is of no
- consequence, for if a number of vessels, differing entirely
from each other in figure, position, and capacity, have a
communication made between them, and one be filled with
water, the surface of the fluid, in all, will be at exactly the
same elevation. If, therefore, the water stands at an equal,
height in all, the pressure in one must be just equal to that
in another, and so0 equal to that in all the others.

Fig. 80.
6 5 4 3 2 7 a
t.l_—.

417. To make this obvious, suppose a number of vessels,
of different shapes and sizes, as represented by fig. 80, to
have a communication between them, by means of a small
tube, passing from the one to the other. If, now, one of
these vessels be filled with water, or if water be poured into
the tube a, all the other vessels will be filled at the same id-
stant, up to the line b c. Therefore, the pressure of the
water in a, balances that in 1, 2, 3, &c., while the pressure
in each of these vessels, is equal to that in the other, and so
an equilibrium is produced throughout the whole series.

418. If an ounce of water be poured into the tube q, it
will produce a pressure on the contents of all the other ves-
sels, equal to the pressure of all the others on the tube ; for,
it will force the water in all the other vessels to rise up
wards to an erlual height with that in the tube itself. Hence,
we must concltde, that the pressure in each vessel, is not
only equal to that in any of the others, but also that the
pressure in any one, is equal to that in all the others.

419. From this we learn, that the shape or size of a ves

‘What difference does tho shape or size of a vessel make in
to the pressure of a fluid on its bottom? Explain fig. 80, and show
how the equilibrium is produced. Smpou an ounce of water be pour-
ed into the tube a, what will be its effect on the contents of the other
vessels? 'What conclusion is to be drawn from pouring the ounce of
water into the tubea 1. | . :
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el has no influence on the pressure of its liquid contents,
‘but that the pressure of water is as its height, whether the
‘quantity be great or small. 'We learn, also, that in no case
will the weight of a quantity of liquid, however large, force
another quantity, however small, above the level of its own
surface. :

420. This is proved by experiment; for if, from a pond
situated on a mountain, water be conveyed in an inch tube
to the valley, a hundred feet below, the water will rise i}ust
a hundred feet in the tube; that is, exactly to the level of
the surface of the pond. Thus the water in the pond, and
that in the tube, press equally against each other, and pro-
duce an exact equilibrium.

Thas far we have considered the fluid as acting only in
vessels with open mouths, and therefore at liberty to seek
its balance, or equilibrium, by its own gravity. Its press-
ure, we have seen, is in proportion to its height, and not to
its bulk. ;-

421. Now, by other experiments, it is ascertained, zhat
the pressure of a liquid is in proportion to its height, and
iis area at the base.

Suppose a vessel, ten feet high, and Fig. 81.
two &et in diameter, such as is rep-
resented at g, fig. 81, to be filled
with water ; there would be a certain
amount of pressure, say at ¢, near
the bottom. Let d represent another
vessel, of the same diameter at the
bottom, but only a foot high, and 6 ®
closed at the top. Now if a small
tube, say the fourth of an inch in di-
_ ameter, be inserted into the cover of
the vessel d, and this tube be carried.
to the height of the vessel 4, and
then the vessel and tube be filled d ¢
with water, the pressure on the bot- ~——
toms and sides of both vessels to the same height will be
equal, and jets of water starting from d and ¢, will have ex-
actly the same force.

“What is the reason that a lai T:nmty of water will not force a
small quantity above its own level the force of water in Fropoh
" tion to its height, or its quantity? How is a small quantity of water
shown to press equal to a large quantity by fig. 81 7 Explain the reason
vhythopreuunilugrmur.uuc.
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. 422 This might at first seera improbable, but to convmce
ourselves of its truth, we have only to consider, that any 1m-
pression made on one portion of the confined fluid in the
vessel d, is instantly communicated to the whole mass.
Therefore, the water in the tube b presses with the same
force on every other portion of the water in d, as it does on
that small portion over which it stands.

423. This principle is illustrated in a very striking man-
ner, by the experiment, which has often been made, of burst.
ing the strongest wine-cask with a few ounces of water.

424, Sulppqse a, fig. 82,10 be a strong cask, Fig.82.
already filled with water, and suppose the tube 9 -
b, thirty feet high, to be screwed, water tight,
into its head. When water is poured into the
tube, so as to fill' it gradually, the -cask will -
show increasing signs of pressure, by emittin,

.the water through the pores of the wood, and.- -
between the joints; and, finally, as the tube is hb
filled, the cask will burst asunder.

425. The same apparatus will serve to il-
lustrate the upward pressure of water ; for if
a small stop-cock be fitted to the u ger head,
on turning this, when the tube is filled, a jet
of water will spirt up with a force, and to a
height, that will astonish all who never before
saw such an experiment.

* In theory, the water will spout to the same e
height with that which gives the pressure, but, in practice,
it is found to fall short, in the following proportions : .

* 426. If the tube be twenty feet high, and the orifice for
the jet half an inch in diameter, the water will spout nearly
nineteen feet. If the tube be fifty feet high, the jet will rise
upwards of forty feet, and if a hundred feet, it will rise
above eighty feet. It is understood, in every case, that the
tubes are to be kept full of water.

The height of these jets show the astonishing effects that
a small quantity of fluid produces when pressing from a
perpendicular elevation. .

427. Hydrostatic Bellows.—An instrument calied the hy-

How is the same prineiple illustrated by fig. 827 How is the u
ward pressure of water illustrated by the same apparatus 1 Under
pressure of a column of water twenty feet high, what will be tir= height
of the jet1 Uader a pressure of a hundred feet, how high wili it rise 1
‘What 18 the hydrostatic bellows %
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drostatic bellows, a.so shows, in a striking manner, the great
force of a small quantity of water, pressing in a perpendic-
ular direction.

428. This instrument consists of two boards, connected
w%ether with strong leather, in the manner of the common

Fig. 83.

Yellows. It is then furnished with a
tube g, fig. 83, which communicates _
between the two boards. A person Y]
standing on the upper board, may
raise himself up by pouring water into
the tube. If the tube holds an ounce ||g
of water, and has an area equal to a
thousandth part of the area of the top
of the bellows, one ounce of water in
the tube will balance a thousand
ounces placed on the bellows.

429. Hydraulic Press—This prop-
erty of water was applied by Mr. Bra-
mah to the construction of his Ay-
dravlic press. But instead of a high -
tube of water, which in most cases could not be so readily ot-
tained, he substituted a strong forcing pump, and instead of
the leather bellows, a metallic pump barrel and piston.

430. This arrangement will Fig. 84.
be understood by fig. 84, where :
the pump barrel, g, b, is rep-
resented asdivided lengthwise, 2
in order to show the inside,
The piston, ¢, is fitted so ac-
curately to the barrel, as to
work up and down water
tight; both barrel ‘and piston
being made ofiron. The thing
to be broken, or pressed, is
laid on the flat surface, 3, there being above this, a strong
frame to meet the pressure, not shown in the figure. The
small forcing pump, of which 4 is the piston, and 4, the
lever by which it is worked, is also made of iron.

431. Now, suppose.the space between the small piston
and the large one, at w, to be filled with water, then, on

‘What &m%ty of water is this instrument designed to show 1 Ex-
plain fig. 84. Where isthe piston? 'Which is the pump barrel, in wnion X
works ? In the hydrostatic press,what is the proportion between the press-
wre given bv the :mag.piaton, and the force exerted on the large one

——
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forcing down the small piston, d, there will be a pressure
against the large piston, ¢, the whole force of which will
be in proportion as the aperture in which ¢ works, is great-
er than that in which d works. 1f the piston, d, is half an
inch in diameter, and the piston, ¢, one foot in diameter,
then the pressure on ¢ will be 576 times greater than that
on d. Therefore, if we suppose the pressure of the small
piston to be one ton, the large piston will be forced up
n%ainst any resistance, with a pressure e(}ual to the weight
of 576 tons. It would be easy'for a single man to give the
pressure of a ton at d, by means of the lever, and, therefore,
a man, with this engine, would be able to exert a force equat
to the weight of near 600 tons.

- 432. It is evident, that the force to be obtained by this
principle, can only be limited by the strength of the mate-
rials of which the engine is made. Thus, if a pressure of
two tons be given to a piston, the diameter of which is only
a quarter of an inch, the force transmitted to the other nis-
ton, if three feet in diameter, would be upwards of 40,000.
tons; but such a force is much too great for the strength of
any material with which we are acquainted.

433. A small quantity of water, extending to a great ele-
vation, would give the pressure above described, it being
only for the sake of convenience, that the forcing pump is
employed, instead of a column of water.

434. There is no doubt, but in the operations of nature,
great effects are sometimes produced among mountains, by
a small quantity of water finding its way to a reservoir in .
the crevices of the rocks far beneath.

435. Sup- . Fig. 85.

ose in the
1nterior of a
mountain, fig.
85, there
should be a
space of ten
yards square,
and an inch
deep, filled
with  water,
and closed up -

‘What is the estimated force which a man could give by one of these
engines? If the pressure of two tons be made on a piston of a quar-

ter of an inch in diameter, what will be the force transmitted to the
other piston of three feet in diameter
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on all sides; and suppose, that in the course of time, a small
fissure, no more than an inch in diameter, should be opened
by the water, from the height of two hundred feet above,
down to this little reservoir. The ‘consequence might be,
that the side of the mountain would burst asunder, for the
pressure, under the circumstances supposed, would be equal
to the weight of five thousand tons.

436. Pressure on vessels with obligue sides—It is obvi-
ous that in a vessel, the sides of which are every where per-
ggndicular to each other, that the pressure on the bottom will

as the height, and that the pressure on the sides will
every where be equal at an equaF depth of the liquid.

437. But it iz not so obvious, that in a vessel having
oblique sides, that is, diverging outwards from the bottom,
or converging from the bottom towards the top, in what
manner the force of pressure will be sustained.

438. Now, the pressure on the bottom of any vessel, no
matter what the shape may be, is equal to the height of the
fluid, and the area of the bottom.

439. Hence the pressure Fig. 86.
on the bottom of the vessel
sloping outwards, fig. 86. " \ESE
wil}; be just equal to what ' ¢
it would be, were the sides
perpendicular, and the
same would be .the case did the sides slope inwards instead
of outwards. |

440. In a vessel of this shaﬁe, the sides sustain a pressure
equal to the perpendicular height of the fluid above any
given point. Thus, if the point 1 sustain a pressure of one
pound, 2, being twice as far below the surface, will have a
pressure equal to two pounds, and so in this proportion with
respect to the othereight parts marked on theside ofthe vessel.

441. On the contrary, did the sides of the vessel slope in-
wards instead of outwards, as re- Fig. 87.
presented by fig. 87, still the same :
consequences would ensue, that is, [{fTT
the perpendicular height, in both {ii
cases, would make .the pressure {j
equal. For although, in the lat- ,,i%
ter case, the perpendicular height

What is the pressure of water in the crevices of mountains, and the

consequences 7 What 18 the pressure on the bottom of a vessel contain-

- ing a fluid equal to? Suppose the sides of the vessel slope outwards,
what effect does this prodace on the pressure 3
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‘is not above the point pressed upon, still the same effect is
produced by the pressure of the fluid in the direction per-
pendicular to the plane of the side, and since fluids press
equally i all directions, this gressure is just the same as
though it were perpendicularly above the point pressed
upon, as in the direction of the dotted lines.

442. To show that this is the case, we will suppose that
P, fig. 87, is a particle of the liquid at the same depth below
the surface as tE: division marked 5 on the side of the ves-
sel; this particle is evidently pressed downwards by the in-
cumbent weight of the column of fluid P, a. But since
fluids préss equally in all directions, this particle must be
pr upwards and sideways with the same force that it is
pressed downwards, and, therefore, must be pressed from
P towards the side of the vessel, marked 5, with the same
force that it would ‘be if the pressure was perpendicular
above that part of the vessel.

443. From all that has been stated, we learn, that if the
sides of the vessels, 86 and 87, be equally inclined, though
in contrary directions to their bottoms, and the vessels be
Yilled with equal depths of water, the sides being of equal di-
mensions, will be pressed equally, though the actual quan
tity of fluid in each, be quite different from each other.

‘Warer LeveL

444. We have seen, that in whatever situation water is
placed, it always tends to seek a level. Thus, if several ves-
sels communicating with each other be filled with water,
the fluid will be at the samé height in all, and the level will
be indicated by a straight line drawn through all the ves-
sels, as in fig. 80.

It is on the principle of this tendency, that the little in
strument called the water level is constructed.

" 445. The form of this Fig. 88.

instrument is represented
by fig. 88. It consists of
a, b, a tube, with its two
ends turned at right an-
gles, and left open. Into & EommmET==

How is it shown that the pressure of the fluid at 5, is equal to what
it would have been had the liquid been perpendicular above that point
On what principle is the water-level constructed ? Describe the man-
ner in which the level with sights is used, and the reason why the
floats will always be at the same height
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one of the ends i3 poured water or mercury, until the fuid
rises a little in the angles of the tube. On the surface of the
fluid, at each end, are then placed small floats, carrying up-
right frames, across which are drawn small wires or hairs,
as seen at c and d. These hairs are called the sights, and
are across the line of the tube. ‘

‘446. It is obvious that this instrument will always indi-
cate a level, when the floats'are at the same height, in re-
spect to each other, and not in respect to their comparative
heights in the ends of the tube, for if one end of the instru-
ment be held lower than the other, still the floats .must al-
ways be at the same height. To use this level, therefore,
we have only to bring the two sights, so that one will range
with the other; and.on placing the eye at ¢, and looking
towards d, this is determined in a moment.

This level is indispensable in the construction of canals
and aqueducts, since the engineer depends entirely on it, to
ascertain whether the water can be carried over a given hill
or mountain. :

447. The common spirit level con- Fig. 89,
sists of a glass tube, fig. 89, filled o
with spirit of wine, excepting a small "E}'
space in which there is left a bubble
of air. This bubble, when the in-
strument is laid on a level surface, will be exactly in the
middle of the tube, and therefore to adjust a level, it is only
necessary to bring the bubble to this position.
~ The glass tube is enclosed in a brass case, which is cut

out on the upper side, so that the bubble may be seen, as
represented in the figure.

448. This instrument is employed by builders to leve.
their work, and is highly convenient for that purpose, since
it is only necessary to lay it on a beam to try 1ts level.

449. Improved Water Level—In this edition we add
the figure and description of a more complete Water Level
than that seen at fig. 88.

What is the use of the level ? Describe the common spiritlevel, and
the method of using it
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050. Let A, fig. Fig. 90.
90, be a straight 2 H
glass tube, having 4(-- '
two legs, or two
other glass tubes,
rising from each end
at right angles. Let
the tube A, and a .
part of the legs, be
filled with mercury,
or some other liquid,

and on the surfaces,
a b, of the liquid, let '
floats be pla!;:ed car-
ing upright wires, :
gth% egds of which :

are attached sights at 1, 2. These sights are represented
by 3, 4, and consist of two fine threads, or hairs, stretched at
right angles across a square, and are placed at right angles
to the length of the instrument.

451. They are so adjusted that the points where the hairs
intersect each other, shall be at equal heights above the
floats. This adjustment may be made in the following
manner : -

*452. Let the eye be glaced behind one of the sights, look-
ing through it at the other, =0 as to make the points, where
the hairs intersect, cover each other, and let sone distant
object, covered by this point, be observed. Then let the
instrament be reversed, and let the points of intersection of
the hairs be viewed in the same way, 80 as to cover each
other. If they are observed to cover the same distant object
as before, they will 'be of equal heights above the surfaces
of the liquid. Bat, if the same distant points be not observed
in the direction of these .Foints. then one or the other of the
sights must be raised or lowered, by an adjustment provided
for that purpose, until the points of intersection be brought
to correspond. These points will then be properly adjust-
ed, and the line passing through them will ge exactly hori-
zontal. All points seen in the direction of the sights will
be on the level of the instrument.

453. The principles on which this adjustment depends

thaEsxx}:;ti:'lby fig. 90, how an exact line may be obtained by adjusting
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ure ensily explained: if the intersections of the hairs be at
the same distance from the floats, the line joiring those
ntersections will evidently be parallel to the lines join-
mg the surfaces g, b, of the liquid, and will therefore be
level. But if one of these points be more distant from the
floats than the other, the line joining the intersections will
poiot upwards if viewed from the lower sight, and down-
wards, if viewed from the higher one.

454. The accuracy of the results of this instrument, will
be greatly increased by lengthening the tube A.

SeeciFic GrAvITY.

455. If a tumbler be filled with water to the brim, and
an egg, or any other heavy solid, be dropped into it, a quan.
tity of the fluid, exactly equal to the size of the egg, or other
solid, will be displaced, and will flow over the side of the
vessel. Bodies which sink in water, therefore, displace a
quantity of the fluid equal to their own bulks.

456. Now, it is found, by experiment, that when any
solid substance sinks in water, it loses, while in the fluid, a
portion of its weight, just equal to the weight of the bulk of
water which it displaces. %‘his is readily made evident by
experiment, : '

. 457. Take a piece of Fig. 91.

ivory, or any other sub-

stance that will sink in

water, and weigh it accu-

rately in the usual man- . : -
ner; then suspend it by a :
thread, or bair, in the emp-

ty cup a, fig. 91, and then ‘

balance it, as shown in the , =
figure. Now pour water (xy 12
into the cup, and it will be :

found that the suspended

body will lose a part of its weight, so that a certain number
of grains must be taken from the opposite scale, in order to
make the scales balance as before the water was poured in.

‘When a solid is weighed in water, why does it lose'a part of its
weight T How much less willa cubic inch of any substance weigh in
water than in air? How is it proved by fig. 91, that a body weighs
less in water than inair? What is the specific gravity of a bodv?
How are the specific gravities of solid bodies taken? .
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The number of grains taken from the opposite scale, show
the weight of a quantity of water equal to the bulk of the
body so suspended. ,

458, It is on the principle, that bodies weigh less in the
water than they do when weighed ouit of it, or"in the air,
that water becomes the means of ascertaining their specific

%a body in the

- water, with what it weighs out of it, that its specific grav-

ity is determined. :

459. Thus, suppose a cubic inch of gold weighs 19 ounces,
and on being weighed in water, weighs only 18 ounces, or
loses a nineteenth part of its weight, it will prove that gold,
bulk for bulk, is nineteen times heavier than water, and thus
19 would be the specific gravity of gold: And so if a cube
of copper weigh 9 ounces in the air, and only 8 ounces in
the water, then copper, bulk for bulk, is 9 times as heavyes
water, and therefore has a ific gravity of 9. -

460. If the body weigh less, bulk for bulk, than water,
1t is obvious, that it will not sink in it, and therefore weighta
must be added to the lighter body, to ascertain how much
less it weighs than water.

The specific gravity of a body, then, is merely its weight,
compared with the same bulk of water; and water is thus
made the standard by which the weights of all other bodies
are compared. :

461. To take the specific gravity of a solid which sinks
in water, first weigh the body in the usual manner, and note
down the number of grains it weighs. Then, with a hair,
or fine thread, suspend it from the bottom of the scale-dish,
in a vessel of water, as represented by fig. 91. As it weighs
less in water, weights must be added to the side of the scale
where the body is suspended, until they exactly balance
each other. Next, note down the number of grains so add-
ed, and they will show the difference between the weight
of the body in air, and in water.

It is obvious, that the greater the specific grawity of the
bodx, the less, comparatively, will be this difference, because
eac, bodty displaces only its own bulk of ‘water, and some
bodies of the same bulk, will weigh many times as much
as others, - -

_ 462. For example, we will sup that & piece of pla-
tinn, weighing 22 ounces, will displace an ounce of water,

Why does a heavy body weigh comparatively less in the wates tham
a light one ? S ) .
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while a piece of silver, weighing 22 ounces, will displace
two ounces of water. The rlatina, therefore, when sus-
pended as above described, will require one ounce to make
the scales balance, while the same weight of silver will re-
quire two ounces for the same purpose. The platina, there-
fore, bulk for bulk, will weigh twice as much as the silver,
and will have twice as much specific gravity.

Having noted down the difference between the weight of
the body 1n air and in water, as above. explained, the specific '
gravity is found by dividing the weight in air, by the loss in
water. The greater the loss, therefore, the less will be the
specific gravity, the bulk being the same.

Thus, in the above example, 22 ounces of platina‘was sup-
fosed to lose one ounce in water, while 22 ounces of silver

ost two ounces in water. Now 22, divided by 1, the loss
of the platina, is 22; and 22 divided by 2, the loss in the
silver, is 11. So that the specific gravity of platina is 22,
while that of silver is 11. The specific gravities of these
metals are, however, a little less than here estimated. [For
other methods of taking specific gravity, see Chemistry.]

HYDROMETER.

463. The hydrometer is an instrument, by which the spe-
cific gravities of fluids are ascertained, by the depth to which
1t sinks below their surfaces. .

Suppose a cubic inch of lead loses, when weighed in
water, 253 grains, and when weighed in alcohol, only 209
grains, then, according to the principle already recited, &
cubic inch of water actually weighs 253, and a cubic inch
of alcohol 209 grains, for when a body is weighed in fluid,
it loses just the weight of the fluid it displaces.

464. Water, as we have already seen, (460,) is the stand-
ard by which the weights of other bodies are comparved, and
by ascertaining what a given bulk of any substance weighs
in water, and then what it weighs in any other fluid, the
comparative weight of water and this fluid will be known.
For if, as in the above example, a certain bulk of water
weighs 253 grains, and the same bulk of alcohol only 209

Having taken the difference betwcen the weifht of a body in air -
and in water, by what rule is its specific gravity found? Give the ex-
ample stated, and show how the difference between the Tcnﬁe gravi-
tiesof platina and silver is ascertained. What is the hydrometer
a cubic inch of any substance weighs 253 grains les¢ in watar
than in air, what is the actual weight of a cubic inch of water?
10
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fmms,' then alcohol has a specific gravity, nearly one fourth
ess than water. ’ : :

It is on this principle that the hydrometer is constructed.
It is com of a hollow ball of glass, or metal, with a
graduated scale rising from its upper part, and a weight
on its under part, which serves to balance it in the fluid. -
" Such an instrument is represented by fig.  Fig. 92,

92, of which b is the graduated scale, and a
the weight, the hollow ball being between
them. . b

465. To prepare this instrument for use,
weights, in grains, or half grains, are put
into the little ball @, until the scale is carried T
down, so that a certain mark on it coincides
exactly with the surface of the water. This
mark, then, becomes the standard of compari-
son between water and any other li%uid, in
which the hydrometer is placed. If plunged
into a fluid lighter than water, it will sink, z
and consequently&the fluid will rise higher
on the sc‘;?e. If the fluid s heavier than water, the scale
will rise above the surface in proportion, and thus it is as-
certained, in a momeut, whether any fluid has a greater or
less specific gravity than water. :

To know precisely how much the fluid varies from the
standard, the scale is marked off into degrees, which indi-
cate grains by weight, so that it is ascertained, very exactly,
how much the specific gravity of one fluid differs from that
of another. :

466. Water being the standard by which the weights of
other substances are compared, it is placed as the unit, or

- point of comparison, and is therefore I, 10, 100, or 1000,
the ciphers being added whenever there are fractional parts
expressing the specific gravity of the body. It is always
understood, therefore, that the specific gravity of water is 1,
and when it is said a body has a specific gravity of 2, it is
only meant, that such a body is, bulk for bulk, twice as
heavy as water. If the substance is lighter than water, it

On what rincHiple is the hydrometer founded ? How is this instru.
ment formed? How is the hydrometer Ere for use? How is it
known, by this instrument, whether the fwuid is lighter or heavier than
water ? at is the standard by which the weights of other bodies
are compared 7 What is the specific gravity of water? When it is said

that the specific gravity of a body is 2, or 4, what meaning is intended

to be conveyed ?
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kas a specific gravity of 0, with a fractional part. Thus
alcohol has a specific gravity of 0,809, that is, 809, water
being 1000. -

By means of this instrument, it can be told with great ac-
curacy, how much water hgs been added to spirits, for the
greater the quantity of water, the higher will the scale rise
above the surface.

The adulteration of milk with water, can also be readily
detected with it, for as new milk has a specific gravity of
1032, water being 1000, a very small quantity of water mix-
ed with it would be indicated by the instrument.

Tre SypPHON.

467. Take a tube, bent like the letter U, and having filled
it with water, place a finger on each end, and in this state
plange one of the ends into a vessel of water, so that the
end in the water shall be a little the highest, then remove
the fingers, and the liquid will flow out, and continue to do
#o, until the vessel is exhausted. .

A tube acting in this manner, is called a syphon, and is
represented by fig. 93. The reason why the water flows
from the end of the tube a, and, Fig. 93.
consequently, ascends through
the other part, is, that there is a
greater weight of the fluid from
b to a, than from ¢ to b, because
the perpendicular height from &
to a is the greatest. The weight
of the water from b to a falling
downwards, by its gravity, tends
to form a vacuum, or void space,
in that leg of the tube; but the fa
pressare of the atmosphere on the
water in the vessel, constantly forces the fluid up the other
leg of the tube, to fill the void space, and thus the stream is
continued as long as any water remains in the veasel.

468. Intermitting Springs—The action of the syphon
depends upon the same principle as the action of the pump,
namely, the pressure of the atmosphere, and therefore its ex-
planation properly belongs to Pneumatics. It is introduced

Alcohol has a specific gravity of 809 ; what, in reference to this, is
the specific gravity of water? In what manner is a syphon made %
Explain the reason why the water ascends through one leg of the sy-
phou, and deacendsthrough the other. 'What is an intermittent spring
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here merely for the purpose of illustrating the phenomena
of intermitting springs; a subject which properly belongs
to Pneumatics.

Some springs, situated on the sides of mountains, flow for
a while with great violence, and then cease entirely. After
a time, they begin to flow again, and then suddenly stop, as
before. These are called intermitting springs. Among
ignorant and superstitious people, these strange appearances
have been attributed to witchcraft, or the influence of some
supernatural power. But an acquaintance with the laws of
nature will dissipate such ill founded opinions, by showing
that they owe their peculiarities to nothing more than natu-
ral syphons, existing in the mountains from whence the
water flows. .

Fig. 9.

v

469. Fig. 94 is the section of a mountain and spring,
showing how the principle of the syphon operates to pro-
duce the effect described. Buppose there is a crevice, or
hollow in the rock from @ to b, and a narrow fissure lead
ing from it, in the form of the syphon, bc. The water, from
the rills fe, filling the hollow, up to the line a d, it will
then discharge itself through the syphon, and continue to
run until the water is exhausted down to the leg of the sy-
phon 5, when it will cease. Then the water from the rills
continuing to run umtil the hollow is again filled up to the
same line, the syphon again begins to act, and again dis-
charges the contents of the reservoir as before, and thus the
spring p, at one moment, flows with great violence, and the
next moment ceases entirely.

How is the phenomenon of the intermittent spring explained ? Ex-
plain fig. 94, and show the reason why such a spring will flow, and-
cease to flow, altérnately. )
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The hollow, above the line a d, is supposea not to be fill-
ed with the water at all, since the syphon begins to act
whenever the fluid rises up to the bend d.

During the dry seasons of the year, it is obvious, that
such a spring would cease to flow entirely, and would be
gin again only when the wgter from the mountain filled the
cavity through the rills.

Such springs, although not very common, exist in various
narts of the world. Dr. Atwell has described one in the
Philosophical Transactions, which he examined in Devon-
shire, in England. The people in the neighbourhood, as
usual, ascribed its actions to some sort of witchery, and ad-
vised the doctor, in case it did not ebb and flow readily,
when he and his friend were both present, that one of them
should retire, and see what the spring would do, when only
the other was present.

HYDRAULICS.

470. It has been stated, (398,) that Hydrostatics is that
branch of Natural Philosophy, which treats of the weiiht,
pressure, and equilibrium of fluids, and that Hydraulics has
for its object the investigation of the laws which regulate
fluids in motion.

If the pupil has learned the principles on which the press-
ure and equilibrium of fluids depend, as explained under
the former article, he will now be prepared to understand
the laws which govern fluids when in motion.

The pressure of water downwards, is exactly in the same
propertion to its height, as is the pressure of solids in the
same direction. '

471, Suppose a vessel of three -inches in diameter has a
billet of wood set up in it, so as to touch only the bottom,
and suppose the giece of wood to be three feet long, and to
weigh nine pounds; then the pressure on the bottom of the
veesel will be nine pounds. If another billet of wood be
set on this, of the same dimensions, it will press on its top
with the weight of nine pounds, and the pressure at the bot-
tom will be 18 pounds, and if another billet be set on this,

How does the science of Hydrostatics differ from that of Hydrau-
rics ? Does the downward pressure of water differ from the downward
pressure of solide, in proportio~1 How is the dowaward pressure of
water illustrated ? o

1
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the pressure at the bottorn will be 27 pounds, and s0 on, 1n
this ratio, to any height the column is carried. .
472. Now the pressure of fluids is exactly in the same
proportion; and when confined in pipes, may be considered
as one short column set on another, each of which increases
tﬁo I;‘reuure of the loweat, in proportion to their number and
ight.
4g7 3. Thus, notwithstanding the lateral press- Fig. 95.
ure of fluids, their downward pressure is astheir [~ ]
height. This fact will be found of importance
in the investigation of the prineiples of certuin
hydraulic machines, and we have, therefore, en- 3
deavoured to impress it on the mind of the pupil
by fig. 95, where it will be seen, that if the
pressure of three feet of water be equal to nine
pounds-on the bottom of the vessel, the pressure 6 18
of twelve feet will be equal to thirty-six pounds.
474. The quantity of water which will be dis-
charged from an orifice of & given size, will be
in proportion to the height of the column of 9 27
water above it, for the discharge will increase in -
velocity in proportion to the pressure, and the
egsure, we have already seen,will be in a

ed ratio to the height. 12 Lol 86
475. If a vessel, fig. 96, Fig. 96.

be filled with water, and

three apertures be made in L/

its sides at the points g, &,

and ¢, the fluid will be

thrown out in jets, and will b
fall towards the earth, in
the curved lines, a, b, and
¢. The reason why these
curves differ in shape, is,
that the fluid isacted on by
two forces, mamely, the
pressure of the water above the jet, which produces its velo.
city forward, and the action of gravity, which impels it
downward. It therefore obeys the same laws that solids do

‘Without reference to the lateral ﬁraume, in what proportion do
£uids press downwards? What will be the proportion of a fluid dis-
charged from an orifice of a given size 1 W&y do the lines described
by the jets from the vessel, fig. 96, differ in shape?
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when projected forward, and falls down in curved lines, the
shapes of which depend on their relative velocities.

- The quantitza;)f water discharged, being in proportion to
the pressure, that discharged from each orifice will differ in
quantity according to the height of the water above it.

476. 1t is found, haaever, that the velocity with which a
vessel discharges its contents, does not depend entirely on
the pressure, bat in part on the kind of orifice through which
the liquid flows. It might be expected, for instance, that a
tin vessel of a given capacity, with an orifice of say an inch
in diameter through its side, would part with 1ts contents
sooner than another of the same capacity and orifice, whose
side was an inch or two thick, since the friction through the
tin might be considered much less than that presented by
the other orifice. But it has been found, by experiment,
that the tin vessel does not part with its contents so soon as
another vessel, of the same height and size of orifice, from
which the water flowed through a short pipe. And, on
varying the length of these pipes, it is found that the most
rapid discharge, other circumstances being equal, is through
a pipe, whose length is.twice the diameter of ‘its orifice.
Such an aperture discharged 82 quarts, in the same time
that another vessel of tin, without the pipe, discharged 62
quarts.

This surprising difference is accounted for, by supposing
that thé cross currents, made by the rushing of the water
from different directions towards the orifice, mutually inter-
fere with each other, by which the whole is broken, and
thrown into confusion by the sharp edge of the tin, and
hence the water issues in the form of spray, or of a screw,
from such an orifice. A short pipe seems to correct this
contention among opposing currents, and to smooth the
pessage of the whole, and hence we way observe, that from
such a pipe, the stream is round and well defined.

477. Proportion between the pressure and the velocity of
discharge—If a small orifice be made in the side of a ves-

‘What two forces act upon the fluid as it is discharged, and how do
these forces produce a curved line? Does the velocity with which a
fluid is discharged, depend entirely on the pressure 7~ What circum-
stance, besides pressure, facilitates the discharge of water from an ori-
fice? In a tube diwhugimm with the greatest velocity, what is
hpropg:xonbe::‘em its te::dmd its length? What mthapr:t-
portion betwecn the quantity of fluid discharged through an orifice
tin, and through a short pipe?
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sel filled with any liquid, the liquid will flow out with a
force and velocity, equal to the pressure which the liquid
before exerted on that portion of the side of the vessel be-
fore the orifice was made.

Now, as the pressure of fluids is as their heights, it fol-
lows, as above stated, that if several snch orifices are made,
the lowest will discharge the greatest, while the highest
will discharge the least, quantity of the fluid.

478. The velocity of discharge, in the several orifices of
guch a vessel, will show a remarkable coincidence between
the ratio of increase in the quantity of liquid, and the in-
creased velocity of a falling body (82.)

Thus, if the tall vessel, fig. 97, of equ
dimensions throughout, be filled with w
ter, and a small orifice be made at o1
inch from the top, or below the surface, 1
at 1; and another at 2, 4 inches belo
this; another at 9 inches, a fourth at |
inches; and a fifth at 25 inches; then t}
velocities of discharge, from these sever
orifices, will be in the proportion of 1,

8,4,5.

" 'To express this more obviously, we w:
place the expressions of the several velo
ties in the upper line of the following t
ble, the lower numbers, correspondin
expressing the depths of the sever
orifices.

Velocity, [ 1| 2]3] 4| 5] 6| 7| 8] 9] 10}
|_Depth, 1/4[9(16125|36|49|64|81]100,

479. Thus it appears, that to produce a twofold velocity
a fourfold height is necessary. To obtain a threefold ve
locity of discharge, a ninefold height is required, and for »
fourfold velocity, sixteen times the height is necessary, ane
so in this proportion, as shown by the table. (See 86.)

480. To apply this law to the motion of falling bodies, it
appears that if a body were allowed to fall freely from the
surface of the water downwards, being unobstructed by the
fluid, it would, on arriving at each of the orifices, have ve-
locities proportional to those of the water discharged at the

‘What are the proportions between the velocities of discharge axd the
heights of the orifices, as above explained 1
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said orifices respectively. Thus, whatever velocity it would
have acquired on armving at 1, the first orifice, it would
have doubled that velocity on arriving at 2, the second ori-
fice, trebled it on arriving at the third orifice, and so on
with respect to the others.

481. In order to establish the remarkable fact, that the
velocity with which a liquid spouts from an orifice in a ves-
sel, is equal to the velocity which a body would acquire in
falling unobstructed from the surface of the liquid to the -
depth of the orifice, it is only necessary to prove the truth of
the principle in any one particular case.

482. Now it is manifestly true, if the orifices be presented
downwards, and the column of fluid over it be of small
height, then tnis indefinitely small column will drop out of
the orifice by the mere effect of its own weight, and, there-
fore, with the same velocity as any other falling body ; but
as fluids transmit pressure in all ({irections, the same effect
will be produced whatever may be the direction of the ori-
fice. Hence, if this principle be true, then the direction
and size of the orifice can make no.difference in the result,
so that the principle, above explained, follows as an incon-
trovertible fact.

. FRICTION BETWEEN SoLips AND Fruips.

483. The rapidity with which water flows through pipes
of the same diameter, is found to depend much on the nature
of their internal surfaces. Thus a lead pipe, with a smooth
aperture, under the same circumstances, will convey much
more water than one of wood, where the surface is rough,
or beset with points, In pipes, even where the surface is
as smooth as glass, theve is still considerable friction, for in
all cases, the water is found to pass more rapidly in the
middle of the stream than it does on the outside, where it
rubs against the sides of the tube.

The sudden turns, or angles of a pipe, are also found to
be a considerable obstacle to the rapid conveyance of the
water, for such angles throw the fluid into eddies or cur
rents, by which its velocity is arrested.

In practice, therefore, sudden turns are generally avoid-

How is it proved that the velocity of the spouting liquid is equal to
that of a falling body? Suppose a lead and a glass t.u?be'i of the same

i which will deliver the greatest quantity of liquid in the same
time? Why will a gluss tuoe deliver most? ‘What is said of the sud-
den tarnings of a tube in retarding the motion of the fluid ?
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eqa, and where it is necessary that the pipe should change
its direction, it is done by means of as large a circle as con-
venient. posed

Where it is pro; to convey a certain quantity of
water to & cons!:iemble distance il}; pipes, theu(al will r{e a
great disappointment in respect to the quantity actually deli-
vered, unless the engineer takes into account the friction,
and the turnings of the pipes, and makes large allowances
for these circumstances. If the quantity to be actually de-
livered ought to fill a two inch pipe, one of three inches
will not be too great an allowance, if the water is to be con
veyed to any considerable distance.

In practice, it will be found that a pipe of two inches in’
diameter, one hundred feet long, will discharge about five
times as much water as one of one inch in diameter of the
same length, and under the same pressyre. This difference
is accounted for, by supposing that both tubes retard the mo-
tion of the fluid, by friction, at equal distance from their in-
ner surfaces, and consequently, that the effect of this cause
is much -greater in proportion, in a small tube, than in
large one.

484. The effect of friction in vetarding the motion of
fluids is perpetually illustrated ‘in the flowing of rivers and
brooks. On the side of a river, the water, especially
where it is shallow, is nearly still, while in the middle of
the stream it may run at the rate of five or six miles an
hour. For the same reason, the water at the bottoms of
rivers is much less rapid than at the surface. This is often
proved by the oblique position of floating substances, which
In still water woulg assume a vertical direction.

-485. Thus, suppose the stick of wood  Fig.98. ¢
e, fig. 98, to be loaded at one end with g
lead, of the same diameter as the wood,
s0 as to make it stand upright in still
water. In the current of a river, where §
the lower end nearly reaches the bot-
tom, it will incline as in the figure, be-
cause the water is more rapid towards
the surface than at the bottom, and hence
the tendency of the upper end to move s
faster than the lower one, gives it an inclination forward.

-,

How much more water will atwo inch tube of a hundred feet lo
discharge, than a one inch tube of the same length? How is this di
terence accounted for ? How do rivers show the effect of friction in re=
sarding the motion of their waters? Explain fig. 98
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MACHINES FOR RAISING WATER.

486. The common pump, though a hydraulic machine,
depends on the pressure of the atmosphere fot its effect, and
therefore its explanation comes properly under the article
Pneumatics, where the consequences of atmospkeric press-
ure will be illustrated. .

Such machines only, as raise water without the assist-
ance of the atmosphere, come properly under the present
article. : .

487. Archimedes' Screw.—Among these, one of the most
curious, as well as ancient machines, is the screw of Archi-
medes, and which was invented by that celebrated philoso-
pher, two hundred years before the Christian era, and then
employed for raising water and draining land in Egypt.

488. It consists of a large tube, fig. 99, coiled round a
shaft of wood to keep it in place, and give it support. Both
ends of the tube are open, the lower one being dipped into
the water to be raised, and the upper one discharging-it in
an iotermitting stream. The shaft turns on a support a
each end, that at the upper end being seen at g, the lower
one being hid by the water. Asthe machine now stands,
the lower bend of the screw is filled with water, since it is
below the surface ¢, . On turning it by the handle, from
left to right, that part of the screw now filled with water will
~ise above the surface ¢, d, and the water having no place

Wl:nh:: said to have been the t:svenﬂu:r gg A.r:gi:ni‘edos;:cre:;: Ex-
plain méchine, as represented in fig. ow how the water
18 elevated by turning it ' o :
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to escape, falls into the next lowest part of the screw at e.
At the next revolution, that portion which, during the last
was at ¢, will be elevated to g, for the lowést bend will re
ceive another supply, which in the mean time will be trans-
ferred to e, and tgus, by a continuance of this motion, the
water is finally elevated to the discharging orifice p.

This principle is readily illustrated by winding a piece of
lead tube round a walking stick, and then turning the whole
with one end in a dish of water, as shown in the figure.

. 489. Theory of Archimedes Screw.—By the following
cuts and explanations, the manner' in which this machine
acts will be understood.

490. Suppose
the extremity 1,
fig. 100, to be y
presented  up- d
wards, as in the
figure, the screw
itself being in-
clined as repre- ™
sented. Then,
from its peculiar 3
form and position,
it is evident, that commencing at 1, the screw will descend
until we arrive at a certain point 2; in proceeding from 2
t03 it will ascend. Thus, 2 is a point so situated that the
parts of the screw on both sides of it ascend, and therefore if
any body, as a ball, were placed in the tube at 2, it could not
move in either direction without ascending. Again, the
point 3, is so situated, that the tube on each side of it le-
scends; and as we proceed we find another point 4, which,
like 2, is so placed, that the tube on both sides of it ascends,
and, therefore, a body placed at 4, could not move without
ascending. In like manner, there is a ‘series of other
points along the tube, from which it either descends or ascends,
as is obvious by inspection.

491. Now let us suppose a ball, less in size thun the bore
of the tube, so as to move freely in it, to be dropped in at 1.
As the tube descends from 1 to 2, the ball of course will de-
scend down to 2, where it will remain at rest.

Fig. 100.

How may the principle of Archimedes’ screw be mdil{ illustrated 1
Explain the manner in which a ball would ascend, fig. 100, by turp-
ing the screw.
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Next, suppose the ball to be fastened to the tube at £,and
sappose the screw to be turned nearly half round, so that the
end 1 shall be turned downiwards, and the point 2 brought
searly to the highest point of the carve 1, 2, 3.

492. This movement of the spiral, it is evident, would
change the positions of the ascend‘:ng and descending parts,
as represented by fig. 101. )

The ball, which we Fig. 10L
supposed attached to the
wibe, is now nearly at the
pighest point at 2, and Hf*
detached . will descend
down to 3, where it will
rest. The point at which
2 was placed in the first'
position of the screw is
marked byb, in the second
position.  The effect of -
tarning the screw, there- B
fore, will be to transfer - : b
the ball from the highest to the lowest point. Another half
turn of the screw, will cause the ball to pass over another
high point, and descend the declivity down to 5, in fig. 101,
where it will again rest.

493. It is unnecessary to explain the steps by which the
ball would gain another point of elevation, since it is clear
that by continuing the same process of action, and of reason-
ing, it would be plain that the ball would be gradually
transferred from the lowest to the highest point of the
screw.

Now all that we have said with respect to the ball, would
be equally true of a drop of water in the tube; and, there-
fore, if the extremity of the tube were immersed in water,
so that the fluid, by its pressure or weight, be continually
forced into the extremity of the screw, it would, by making
it revolve, be gradually carried along the spiral to any
height to which it might extend. . )

494. It will, however, be seen, from the above explang~
tion, that the tube must not be so elevated from the point of
immersion, that the spirals will not descend from one point
to another, in which case it is obvious that the machine

‘What is said concerning the inclination of the tubs, in order to in-
sure its action }

u
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will not act. - If the tube be placed in a perpendicular posi-
tion, the ball, instead of gaining an increosgg elevatiox?o‘ by
turning the screw, woulﬁ;cend to the ground. A certain
inclination, therefore, depending on the course of the screw,
must be given this machine, in order to ensure its action.
. 495. Instead of this method, water was*  Fig. 102.
sometimes raised by the ancients, by  —

means of a rope, or bundle of ropes, as

shown at fig. 102.

This mode illustrates, in a very strik-
ing manner, the force of friction between
a solid and fluid, for it was by this force
alone, that the water was supported md;
elevated.

496. The large wheel a, is supposed .
to stand over the well, and b, a smaller
wheel, is fixed in the water. The rope
. is extended between the two wheels, and
rises on one side in a perpendicular direc-
tion. On turning the wheel by the crank
d, the water is brought up by the friction of the rope, and
falling into a reservoir at the bottom of the frame which
supports the wheel, is discharged at the spout d.

It is evident that the motion of the wheel, and conse-

quently that of the rope, must be very rapid, in order to
raise any considerable quantity of water by this method. But
when the upward velocity of the rope is eight or ten feet
per second, a large quantity of water may be elevated to a
considerable height by this machine.
" 497. Barker’s Mill—For the different modes of apply-
ing water as a power for driving mills, and other useful
purposes, we must refer the reader to works on practical
mechanics. There is, however, one method of turning ma-
chinery by water, invented by Dr. Barker, which is strictly
a philosophical, and at the same time a most curious inven-
tion, and therefore is properly introduced here. -

E}phli(;lg,in what manner water is raised by the machine represented
iig.
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498. This ‘machine is called -
Barker’s centrifugal mill, and
such parts of it as are necessaryto ||
understand the principle on which
it acts are represented by fig.
103. .

The upright cylinder a, is a
wbe which has a funnel shaped
mouth, for the admission of the
strpam of water from the pipe b |
This tube is six or eight inches in
diameter, and may be from ten to
twenty feet long. The arms n
and o, are also tubes communicat-
ing freely with the upright one,
from the opposite sides of which ||
they proceed. The shaft 4, is
firmly fastened to the inside of the
tube, openings at the same time
being left for the water to pass to ;
the arms o and ». The lower part of the tube is solid, and
turns on a point resting on a block of stone or iron, c.
The arms are closed at their ends, near which are the ori-
fices on the sides opposite to ®ach other, so that the water
spouting from them, will fly in opposite directions. The
stream from the pipe b, is regulated by a stopcock, so as to
keep the tube 4 constantly full without overflowing.

To set this engine in motion, supp...2 the upright tube to
be filled with water, and the arms % and o, to be given.a
slight impulse ; the pressure of the water from the perpen-
dicular column in the large tube will give the fluid the ve-
locity of discharge at the ends of the arms proportionate to
its height. The reaction that is produced by the flowing
of the water on the points behind the discharging orifice,
will continue, and increase the rotatory motion thus begun.
After a few revolutions, the machine will receive an addi-
tional impulse by the centrifugal force generated in the
arms, and in consequence of this, a much more violent and
rapid discharge of the water takes place, than would occur
by the pressure of that in the upright tube alone. Thecen-
trifagal force, and the force of the discharge thus acting
at the same time, and each increasing the force of the

‘What is fig. 103 intended to represent? Deacribe this mill.
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other, this machine revolves with great velocity and pro-
portionate power, The friction which it has to overcome,
when compared with that of other machines, is very slight,
being chiefly at the point ¢, where the weight of the upright
tube and its contents is sustained.

By fixing a cog wheel to the shaft at d, motion may be
given to any kind of machinery required.

499. Where the quantity of water is small, but its height
considerable, this machine may be employed to great advan-
tage, it being under such circumstances one of the most
powerful engines ever invented.

PNEUMATICS.

500. The term Pneumatics is derived from the Greek
pneumd, which signifies breath, or air. 1t is that science
which investigates the mechanical properties of air, and
other elastic fluids.

Under the article Hydrostatics, (420,) it was stated that
fluids were of two kinds, namely, elastic and non-elastic,
and that air and the gases belonged to the first kind, while
water and other liquids belonged to the second.

501. The atmosphere whjch surrounds the earth, and m
which we live, and a portfon of which we take into our
lungs at every breath, is called air, while the artificial pro-
ducts which possess the same mechanical properties, are
called gases. ' '

‘When, therefore, the word air is used, in what follows,
it will be understood to mean the atmosphere which we
breathe.

502. Every hollow, crevice, or pore, in solid bodies, not
filled with a Equid, or some other substance, appears to be
filled with air : thus, a tube of any length, the bore of which
is as small as it can be made, if kept open, will be filled
with air; and hence, when it is said that a vessel is filled
with air, it is only meant that the vessel is in its ordinary
state. Indeed, this fluid finds its way into the most minute
pores of all substances, and cannot be expelled and kept out
of any vessel, without the assistance of the air-pump, or
some other mechanical means.

503. By the elasticity of air, is meant its spring, or the

‘What is pneumatics 7 What is air? What is gas? What is meant
when it is said that a vessel is filled with air? Is any difficulty in
oxpelling the air from vessels? What is meant by the clasticity of air?
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-.he foree with which 1t re-acts, when compressed in a close
-vessel, -It is chiefly in respect to its elasticity and lightness,
that the mechanical properties of air differ from those of
water, and other liquigs.

504, Elastic fluids differ from each other m respect to the
permanency of the elastic property. Thus, steam is elastic
only while its heat is continued, and on cooling, returns
again to the form of water.

505. Some of the gases also, on being strongly compress-
ed, lose their elasticity, and take the form of liquids. Bat
air differs from these, in being permanently elastic; that is,
if it be compressed with ever so much force, and retained
under compression for any length of time, it does not there-
fore lose 1ts elasticity, or disposition to regain its former
balk, but always re-acts with a force in proportion to the
-power by which it is compressed.

506. Thus, if the strong tube, or barrel, fig. Fig. 104.
104, be smooth, and equal on the inside, and Q3
there be fitted to it the solid piston, or plug 4,
so as to-work up and down air tight, by the
handle b, the air in the barrel may be com-
pressed into a space a hundred times less than
ats usual bulk. Indeed, if the vessel be of suf-
ficient strength, and the force employed suffi-

ciently great, its bulk may be lessened a thou- '

sand times, or in any proportion, according to
the force employed ; and if kept in this state for
years, it will regain it:d former bulk the instant .
the pressure is removed.

Thus, it is a general principle in pneumatics, ﬁ
hat air is compressible in proportion to the force .
employed. : - :

507. On the contrary, when the usual pressure of the at-
mosphere is removed from a portion of air, it expands and
occupies a space larger than before; and it is found by ex-
periment, that this expansion is in a ratio, as the removal of
the pressure is more or less complete. Air also expands or
increases in bulk, when heated.

If the stop-cock ¢, fig. 104, be opened, the piston a may
be pushed down with ease, because the air contained in the
.barrel will be forced out at the aperture. Suppose the pis-

How does air differ from steam, and some of the gases, in respect to
its elasticity 7 Does air lose its elastic force by being long compressed 1
2 what proportion to thé force employed is the bulk of air lessened }

11* '
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ton to be pushed down to within an inch of the bottom, and
then the stop-cock closed, so that no air can enter below it.
Now, on drawing the piston up to the top of the barrel, the
inch of air will expan& and fill the whole space, and were
this space a thousand times as large, it would still be filled
with the expanded air, because the piston removes the press-
ure of the external atmosphere from that within the barrel.

It follows, therefore, that the space which a given portion
of air occupies, depends entirely on circumstances. If it is
under pressure, its bulk will be diminished in exact propor-
tion ; and as the pressure is removed, it will expand in pro-
portion, so as to occupy a thousand, or even a million times
as much space as before.

508. Another property which air possesses is weight, or
gravity. This property, it is obvious, must be slight, when
compared with the weight of other bodies. But that air has
a certain degree ofegmvi:ly in common with other ponderous
substances, is proved by direct experiment. Thus, if the air
be })umped out of a close vessel, and then the vessel be ex-
actly weighed, it will be found to weigh more when the air
is again admitted.

509. Pressure of the Atmosphere—It is, however, the
weight of the atmosphere which presses on every part of
the earth’s surface, and in which we live and move, as in
an ocean, that liere particularly claims our attention.

The pressure of the atmosphere may be easi- Fig. 105.
ly shown by the tube and piston, fig. 105.

Suppose there is an orifice to be opened or
closed by the valve b, as the piston a 1s moved
up or down in its barrel. The valve being fast-
ened by a hinge on the upper side, on pushing
the piston down, it will open by the pressure of
the air against it, and the air will make its esca
But when the piston is at the bottom of the bar-
rel, on attempting to raise it again, towards the
top, the valve is closed by the force of the exter-
nal air acting upon it. If, therefore, the piston
"be drawn up in this state, it must be against the
pressure of the atmosphere, the whole weight of

In' what proportion will a ﬁuantity of air increase in bulk as the
pressure is removed from it ? How is thus illustrated by fig. 104 7. On
what circumstance, therefore, will the bulk of a given portion of air
devend 3 How is it Proved that air has weight? Explain in what
manner the pressure of the atmosphere is shown by fig. 105.
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which, to an extent equal to the diameter of the piston, muat
be lifted, while there will remain a vacuum or void space
below it in the tube. If the piston be only three inches in
diameter, it will require the full strength of a man to draw
it to the top of the barrel, and when raised, if suddenly let
go. it will be forced back again by the weight of the air,
and will strike the bottom with great violence.

510. Supposing the surface of a man to be equal to 144
square feet, and allowing the pressure on each square inch
to be 15lbs., such a man would sustain a pressure on his
whole surface equal to nearly 14 tons.

. 511. Now, that it is the weight of the atmosphere which
presses the piston down, is proved by the fact, that if its di-
ameter be enlarged, a greater force, in exact proportion, will
be required to raise it. And further, if when the piston is
drawn to the top of the tube, a stop-cock, as at fig. 104, be
opened, and the air admitted under it, the piston will not be
forced down in the least, because then the air will press as
much on the under, as on the upper side of the piston.

512. By accurate experiments, an account of which it is
not necessary here to detail, it is found that the weight of
the atmosphere on every inch square of the surface of the
earth is equal to fifteen pounds. If| then, a piston working
air tight in a barrel, be drawn up from its bottom, the force
employed, besides the friction, will be just equal to that re-
quired to lift the same piston, under ordinary circumstances, '
with a weight laid on it equal to fiftecn pounds for every
square inch of surface.

513. The number of square inches in the surface of a
{iston of a foot in diameter, is 118, This being multiplied

y the weight of the air on each inch, which being 15
pounds, is equal to 1695 pounds. Thus the air constantly
presses on every surface, which is equal to the dimensions of
a ciccle one foot in diameter, with a weight of 1695 pounds.

AIR Punp.

514. The air pump is an engine by which the air can be
pumped out of a vessel, or withdrawn from it. The vessel

. What is the force pressing on the piston, when drawn upward, some-
times called? How is it proved that it is the weight of the a here,
instead of suction, which makes the piston rise with difficulty ? 'What
is the pressure of the atmosphere on every square inch of surface on
the earth? What is the number of square inches in a circle of one foot
indiameter 7 'What is the weight of the atmosphere on a surface of a
foot in diameter? What is the air pump? '
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#0 exhausted, is called a receiver, and the space thus left in
the vessel, after withdrawing the air, is called a vacuum.

The principles on which the air pump is constructed are
readily understood, and are the same in all instruments of
this kind, though the form of the instrument itself is often
considerably modified. -

515. The general principles of its construction will be
comprebendeg?y an explanation of fig. 106. In this figure,
let g be a glass vessel, or receiver, Fig. 106.
closed at the top, and open at the
bottom, standing on a perfectly
smooth surface, which is called the
plate of the air pump. Through
the plate is an aperture, a, which
communicates with the inside of
the receiver, and the barrel of the
pump. The piston rod, p, works
air tight through the stuffed collar,
¢, and the piston also moves air
tight through the barrel. At the
extremity of the barrel, there is a
valve ¢, which opens outwards, and -
is closed with a spring.

516. Now suppose the piston to be drawn upto ¢, it will
then leave a free communication between the receiver g,
through the orifice a, to the pump barrel in which the pis-
ton works. Then if the piston be forced down by its han
dle, it will compress the air in the barrel between 4 and e,
and, in consequence, the valve ¢ will be opened, and the air
#0 condensed will be forced out. On drawing the piston up
again, the valve will be closed, and the external air not be-
inf permitted to enter, a vacuum will be formed in thé bar-
rel, from e to a little above d. When the piston comes again
to ¢, the air contained in the glass vessel, together with that
in the passage between the vessel and the pump barrel, will

ush in to fill the vacuum. Thus, there will be less air in
the whole space, and consequently in the receiver, than at
first, because all that contained in the barrel is forced out at
every stroke of the piston. On repeating the same process,

‘What is the receiver of an air pump? What is a vacuum? In fig,
106, which is the receiver of the air pump? When the piston is pressed
down, what quantity of air is thrown out? "When the piston is drawn
upi,‘hwh.at’ is formed in the barrel? How is this vacunm again filled
with air
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that is, drawing up and foreing down the piston, the air at
each time in the receiver, will become less and less in quan-
{ity, and, in consequence, more and more rarefied. For it
must be uanderstood. that although the air is exhausted at
every stroke of the pump, that which remains, by s elas-
ticity, expands, and still occupies the whole space. The
" quantity forced out at each successive stroke is therefore di-
minished, until, at last, it no longer has sufficient force be-
fore the piston to open the valve, when the exhausting pow-
er of the instrument must cease entirely.

Now, it will be obvious, that as the exhausting power of
the air pump depends on the expansion of the air within it,
a perfect vacuum can never be formed by its means, for so
long as exhaustion takes place, there must be air to be forced
out, and when this becomes so rare as not to force open the
valves, then the process must end.

517. A good air pump has two similar pumping barrels
to that described, so that the process of exhaustion is per-
{;rmeld in half the time that it could be performed by one

rrel, . -

Thebarrels, with their Fig 107.
pistons, and the usual
mode of working them,
are represented by fig.

107. The piston rods are
farnished with racks, or
teeth, and are worked by
the toothed wheel a,
which is turned back-
_wards and forwards, by
the lever and handle 5.
The exhaustion pipe, ¢,
leads to the plate on
which  the receiver
stands, as shown in fig. ¢
107. The valves v, 2, %, \
and m, all open upwards. )

518. To understand how . __ _ ____ __. st the
air from the vessel on the plate, through the pipe ¢, we will
suppose, that as the two pistons now stand, the handle b is
to be turned towards the left. This will raise the piston A4,

Is the air pump capable of producing a perfect vacuum? Why do
common air pumps have more than one barrel and piston? How are
the pistons of an air pump worked ?
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while the valve & will be closed by the pressure of the ex«
ternal air acting on it in the open barrel in which it works.:
There would then be a vacuum formed in this barrel, did
not the valve m open, and let in the air coming from the re-
ceiver, through the pipe c. When the piston, therefore, is
at the upper end of the barrel, the space between the piston
and the valve m, will be filled with the air from the receiver.
Next, suppose the handle to be moved to the right, the pis-
ton A wilnhen descend, and compress the air with which
the barrel is filled, which, acting against the valve u, forces
it open, and thus the air escapes. Thue, it is plain, that
every time the piston rises, a portion of air, however rare-
fied, enters the barrel, and every time that it descends, this
portion escapes, and mixes with the external atmosphere.

The action of the other piston is exactly similar to this,
only that B rises while 4 falls, and eo the contrary. It will
appear, on an jnspection of the figure, that the air cannot
pass from one barrel to the other, for while A is rising, and
the valve m is open, the piston B will be descending, so
that the force of the air in tge barrel B, will keep the valve
n closed. Many interesting and curious experiments, illus-
trating the expansibility and pressure of the atmosphere, are -
shown by this.instrument. .

519. If a withered apple be placed under the receiver,
and the air is exhausted, the apple will swell and become
plump, in consequence of the expansion of the air which it
contains within the skin. :

520. Ether, placed in the same, situation, soon begins to
boil without the influence of heat, because its particles, not
having the pressure of the atmosphere to force them toge«
iper, fiy oﬁP with so much rapidity as to produce ebul- .

ition. ‘

Tuax CoNDENSER.

"521. The operation of the condenser is the reverse of that
of the air pump, and is a much more simple machine. The
air pump, as we have just seen, will deprive a vessel of its
ordinary quantity of air. The condenser, on the contrary,

While the piston A is asecending, which valves will be open, and
which closed? When the piston A descends, what becomes of the air
with which its barrel was filled? Why does not the air pass from one
barrel to the other, through the valves m and #? Why does an appl
placed in the exhausted receiver i:ow plump? Why does ether boil in
the same situation? How does the eondenser operate ?
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will double or treble the ordinary quantity of air in a close
vessel, according to the force employed.

This instrument, fig. 108, consists of a pump Fig. 106.
varrel and piston 4, a stop-cock b, and the vessel =]
¢ farnished. with a valve opening inwards. The
orifice d is to admit the air, when the piston is
drawn up to the top of the barrel. !.

522. To describe its action, let the piston be =7
above d, the orifice being open, and therefore
the instrument filled with air, of the same den-
sity as the external atmosphere. Then, on
forcing the piston down, the air in the pum
barrel, ‘below the orifice d, will be compressed,
and will rush through the stop-cock 5, into the
vessel ¢, where it will be retained, because, on b

in moving the piston upward, the elasticity
:ﬁe air will close the valve through which 1t
was forced. On drawing the piston up again,
another portion of air will rush in at the orifice
d, and on forcing it down, this will also be driven into the
vessel ¢; and this process may be continued as long as
sufficient force is applied to move the piston, or there is suf-
ficient strength in the vessel to retain the air. When the
condensation is finished, the stop-cock » may be turned, to
render the confinement of the air more secure.

523. The magazines of air guns are filled in the man-
ner above described. The air gun is shaped like-other
guns, bat instead of the force of powder, that of air is em-
{loyed to project the bullet. For this purpose, a strong

ollow ball of copper, with a valve on the inside, is screw-
ed to a condenser, and the air is condensed in it, thirty or
forty times. This ball or magaziue is then taken from the
condenser, and screwed to the gun, under the lock. By
means of the lock, a communication is opened between the
magazine, and the inside of the gun-barrel, on which the
spring of the confined air against the leaden bullet is such,
as to throw it with nearly the same force as gunpowder.

(4

Explain fig. 108, and show in what manner the air is condensed
Explain the principle of the air gun.
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BAROMETER. Fig. 109,

524. Suppose a, fig. 109, to be a long tube, ~§=.
with the piston d so nicely fitted to its inside, ¢
a8 to work air tight. If the lower end of the
tube be dipped into water, and the piston drawn
up by pulling at the handle ¢, the water will
follow the piston so closely, as to be in contact
with its surface, and apparently to be drawn up
by the piston, as though the whole was one
solid body. If the tube be thirty-five feet long,
the water will continue to follow the piston,
until it comes to the height of about thirty-
three feet, where it will stop, and if the piston
be drawn up still farther, the water will not
follow it, but will remain stationary, the space
from this height, between the piston and the
water, being left a void space, or vacuum.

525. The rising of the water in the above
case, which only involves te principle of the
eommon pump, is thought by some ta be %
caused by suction, the piston sucking up the
water as it is drawn upward. But according
to the common notion attached to this term, there is no rea--
son why the water should not continue to rise above the
thirty-three feet, or why the power of suction should cease
at that point, rather than at any other. Without entering
into any discussion on the absurd notiong concerning the
power of suction, it is sufficient here to state, that it has long
since been proved, that the elevation of the water, in the
case above described, depends entirely on the weight and -
pressure of the atmosphere, on that portion of the floid
which is on the outside of the tube. Hence, when the pis-
ton is drawn up, under circumstances where the air cannot
act on the water around the tube, or pump barrel, no eleva-
tion of the fluid will follow.. This will be obvious, by the
following experiment. .

Sug‘};os_e the tube, fig. 109, to stand with its lower end in the water,
d the piston 4 to be drawn upward thirty-five feet, how far will the
water follow the piston 7 What will remain in the tube between the
g:tton and the water, after the piston rises higher than thirty-three

? What is commonly supposed to make the water rise in such
cases? Is there any reason why the suction should cease at 33 feet?
‘What is the true cause of the elevation of the water, when the piston,
fg. 109, is drawn up ? : )
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526. Suppose fig. 110 to be the sections, or Fig. 110,
halves, of two tubes, one within the other, the —="="
outer one being made entirely close, so as to ad-
mit no air, and the space between the two being
also made air tight at the top. Suppose, also, that
the inner tube being left open at the lower end,
does not reach the bottom of the outer tube, and 2
thus that an open space be left between the two ¥
tubes every where, except at their upper ends, §
where they are fastened together; and suppose |
that there is a valve in the piston, opening up- |
wards, so as to let the air-which it contains es- }
cape, but which will close on drawing the piston |
upwards. Now, let the piston be at 4, and in §
this state pour water through the stop-cock, ¢, un- j
til the inner tube is filled up by the piston, and the §§
space between the two tubes filled up to the same 8§
point, and then let the stop-cock be closed. If §
now the piston be drawn up to the top of the [8
tube, the water will not follow it, as in the case |
first described ; it will only rise a few inches, in {8
consequence of the elasticity of -the air above the
water, between the tubes, and in the space above {2
the water, there will be formed a vacuum be- =
tween the water and the piston, in the inner tube.

527. The reason why the result of this experiment dif
fers from that before described, is, that the outer tube pre-
vents the pressure of the atmosphere from forcing the water
up the inner tube as the piston rises. This may be instantly
proved, by opening the stop-cock ¢, and permitting the air
to press upon the water, when it will be found, that as the
air rushes in, the water will rise and fill the vacuum, up to
the piston.

For the same reason, if a common pump be placed in a
cistern of water, and the water is frozen over on its surface,
g0 that no air can press upon the fluid, the piston of the
pump might be worked in vain, for the water would not, as
asual, obey its motion. ‘

528. It follows, as a certain ¢onclusion from such experi-

How is it shown by fig. 110, that it is the pressure of the atmos-
which causes the water to rise in the pump barrel 3 Suppose the
ice prevents the atmosphere from pressing on the water in a vessel, can
the water be pumped out? What conclusion follows from the experi-
mgents above described ?
2,
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ments, that when the lower end of a tube is placed in water,
and the air from within removed by drawing up the piston,
that it is the pressure of the atmosphere on the water around
the tube, which forces the fluid up to fill the space thus left
by the air. It is-also proved, that the weight, or pressure
of the atmosphere, is cqual to the weight of a perpendicular
column of water 33 feet high, for it is found (fig. 109) that
the pressure of the atmosphere will not raise the water
more than 33 feet, though a perfect vacuum be formed to
any height above this point. Experiments on other fluids,
prove that this is the weight of the atmosphere, for if the
end of a tube be dipped in any fluid, and the air be removed
from the tube, above the fluid, it will rise to a greater or less
height than water, in proportion as its specific gravity is
less or greater than that of water. :
" 529. Mercury, or quicksilver, has a specific gravity of
about 134 times greater than that of water, and mercury is
found to rise about 29 inches in a tube under the same circum-
stances that water rises 33 feet. Now, 33 feet is 396 inches,
which being divided by. 29, gives nearly 134, so that mer-
cury being 134 times heavier than water, the water will rise
under the same pressure 134 times higher than the mercury.

530. Construction of the Barometer—The barometer ia
constructed on the principle of atmospheric ~ Fig. 111.
pressure, which we have thus endeavoured
to explain and illustrate to common compre-
hension. This term is compounded of two .
Greek words, bdaros, weight, and metron,
measure, the instrument being designed to
measure the weight of the atmosphere.

Its construction is simple, and easily
understood, being merely a tube of glass,
nearly filled with mercury, with its lower
end placed in a dish of the same fluid, and
the upper end furnished with a scale, to
measure the height of the mercury. ,

531. Let a, fig. 111, be such a tube, 34 or } )
35 inches long, closed at one end, and open v
ut the other. To fill the tube; set it upright,

How is it tyroved, that the pressure of the atmosphere is equal %o
the weight of a column of water, 33 feet high? How do experimemncs
on other fluids show that the pressure of the atmosphere is equal to vhe
weight of a column of water, 33 feet high? How high does merenry
rise in an exhausted tube? What is the principle on which the ba-

rometer is constructed? What does the barometer measure ? Describe
the construction of the barometer, as reprge~nr~d bv fig. 111.
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and pour the mercury in at the open end, and when 1t is en-
tirely full, place the fore finger forcibly on this end, and
then plunge the tube and finger under the surface of the
mercury, before prepared in the cup b. Then withdraw the
finger, taking care that in doing this, the end of the tube is
not raised above the mercury in the cup. When the finger
is removed, the mercury will descend four or five inches,
and after several vibrations, up and down, will rest at an
elevation of 29 or 30 inches above the surface of that in the
cup, as at c. Having fixed a scale to the upper part of the
tabe, to indicate the rise and fall of the mercury, the ba-
rometer would be finished, if intended to remain stationary.
1t is usual, however, to have the tube enclosed in a mahoga-
ny or brass case, to prevent its breaking, and to have the cup
closed on the top, and fastened to the tube, so that it can be
-transported without danger of spillisg the mercury. :
532. The cup of the portable barometer also differs from
that described, for were the mercury enclosed on all sides,
in a cup of wood, or brass, the air would be prevented from
acting upon it, and therefore the instrument would be use-
less. To remedy this defect, and still have the mercury
perfectly enclosed, the bottom of the cup is made of leather,
which, being elastic, the pressure of the atmosphere acts
upon the mercury in the same manner as though it was not
enclosed at all. Below the leather bottom, there is a round
plate of metal, an inch in diameter, which is fixed on the
top of a screw, so that when the instrument is to be trans-
ported, by elevating this piece of metal, the mercury is
thrown up to the top of the tube, and thus kept from playing
backwards and forwards, when the barometer is in motion.
' 533. A person not acquainted with the principle of the
instrument, on seeing the tube turned bottom upwards, will
be perplexed to understand why the mercury does not fol-
low the common law of gravity, and descend into the cup;
were the tube of glass 33 feet high, and filled with water,
the lower end being dipped into a tumbler of the same fluid,
the wonder would be still greater. But as philosophical
facts, one is no more wonderful than the other, and both are
readily explained by the principles above illustrated.

- How is the cur of the portable barometer made, so as to retain the
mercury, and still allow the air to press upon it What is the use of the
metullic plate and screw, underthe bottom of the cup? Explain the rea-
=on why the mereury does not fall out of the barometer tube, whea its
open end is downwards. - . . -
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- 534. It has already been shown, (528,) that it is the
pressure of the atmosphere on the fluid around the tube, by -
which the fluid within it is forced upward, when the pump
is exhausted of its air. The pressure of the air, we have
also seen, is equal to a column of water 33 feet high, or of
a column of mercury 29 inches high. Suppose, then, a tuba
83 feet high is filled with water, the air would then be en- -
tirely excluded, and were one of its ends closed, and the
other end dipped in water, the effect would be the same as
though both ends were closed, for the water would not escape,
unless the air were permitted to rush in and fill up its place,
The upper end being closed, the air could gain no access in
that direction, and the open end being under water, is equal-
ly secure. The quantity of water in which the end of the
tube is placed, is not essential, since the pressure of a col:
umn of water, an inch in diameter, provided it be 33 fees.
high, is just equal to a column of air of an inch in diameter,
of the whole height of the atmosphere. Hence the water
on the outside of the tube serves merely to guard againsg
the entrance of the external air. s

535. The same happens to the barometer tube, when fill,
ed with mercury. The mercury, in the first place, fills the
tube perfectly, and therefore entirely excludes the air, so
that when it is inverted in the cup, all the space above 29
inches is left a vacuum. The same effect precisely would
be produced, were the tube exhausted of its air, and the
apen end placed in the cup; the mercury would run up the
tube 29 inches, and then stop, all above that.point being left
a vacuum. _ .

The mercury, therefore, is prevented from falling out of
the tube, by the pressure of the atmosphere on that which
remains in the cup; for if this be removed, the air will enter,
while the mercury will instantly begin to descend.

536. In the barometer described, the rise and fall of the
mercury is indicated by a scale of inches, and tenths of
inches, fixed behind the tube; but it has been found, that
very slight variations in the density of the atmosphere, are
not readily perceived by this method. It being, however,
desirable that these minute changes should be rendered more
obvious, a contrivance for increasing the scale, called the
wheel barometer, was invented.

What fills the space above 29 inches, in the barometer tube? In the
common barometer, how is the rise and fall of the mercury indicated
Why was the wheel barometer invented ? i ‘ )
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657. The whole length of the tube of the Fig. 112
wheel barometer, fig. 112, from ¢ to g, is 34
or 35 inches, and it is filled with mercury, as
usual. The mercury rises in the short leg to
the point o, where there is a small piece of |
glass floating on its surface, to which there is |§
attached a silk string, passing over the pulley §
p. To the axis of the pulley is fixed an index, [§
or ‘hand, and behind this is a graduated circle, |§
as seen in the figure. It is obvious, thata very |@
slight variation in the height of the mercury [
at o, will be indicated by a considerable mo-
tion of the index, and thus changes in the
weight of the atmosphere, hardly perceptible
by the common barometer, will become quite T
apparent by this. '
538. The mercury in the barometer tube §
being sustained by the pressure of the atmo- §
sphere, and its medium altitude at the surface
of the earth being about 29 inches, it might be expected
that if the instrument was carried to a height from the earth’s
surface, the mercury would suffer a proportionate fall, be-
cause the pressure must be less at a distance from the earth,
than at its surface, and experiment proves this to be the
case. When, therefore, this instrument is elevated to any
considerable height, the descent of the mercury becomet
perceptible. Even when it is carried to the top of a hill,
or kigh tower, there is a sensible depression of the fluid, so
that the barometer is employed to measure the height of
mountains, and the elevation to which balloons ascend from
the surface of the earth. On the top of Mont Blanc, which
is about 16,000 feet above the level of the sea, the medium
elevation of the mercury in the tube is only 14 inches, while
on the surface of the earth, as above smtet{ it is 29 inches.
539. The medium range of the barometer in several
countries, has generally been stated to be about 29 inches.
It appears, however, from observations made at Cambridge,

Ex%in fig. 106, and describe the construction of the wheel barome-
ter. hat is stated to be the medium range of the barometer at the
surface of the earth? Suppose the instrument is elevated from the
earth, what is the effect on the mercurx 1 How does the barometer in-
dicate the heﬁhu of mountains? What is the medium range of the
mercury on Mont Blanc? ‘What is stated to be the medium range of

the barometer at Cambridge 3
28
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in Massachusetts, for the term of 28 years, that its range
there was nearly 30 inches. s
540. Use of the Barometer.~—While the barometer stands
in the same place, near the level of the sea, the mercury
seldom or never falls below 28 inches, or rises above 31
inches, its whole range, while stationary, being only abdut
8 inches. :
These changes in the weight of the atmosphere, indicat
corresponding changes in the weather, for it is found, by
watching these variations in the height of the mercury, that
when it falls, cloudy or falling weather ensues, and that
when it rises, fine clear weather may be expected. During
the time when the weather is damp and lowering, and the
smoke of chimneys descends towards the ground, the mer-
cury remains depressed, indicating that the weight of the
atmosphere, during such weather, is less than it is when the
sky is clear. This contradicts the common opinion, that
the air is the heaviest, when it contains the greatest quantity
of fog and smoke, and that it is the uncommon weight of the
atmosphere which presses these vapours towards the ground.
A littﬁa consideration will show, that in this case the popular
belief is erroneous, for not only the barometer, but all the
experiments we have detailed on the subject of specific grav-
ity, tend to show that the lighter any fluid is, the deeper any
substance of a given weight will sink in it. Common ob-
servation ought,.therefore, to correct ‘the error, for every-
body knows that a heavy body will sink in water while a
light one will swim, and by the same kind of reasoning
ought to consider, that the particles of vapour would de-
scend through a light atmosphere, while they would be
. pressed up into the hifher regions, by a heavier air. - '
541. The principal use of the barometer is on board of
ships, where it is employed to indicate the approach of
storms, and thus to give an opportunity of preparing accord-
ingly; and it is found that the mercury suffers a most re-
markable depression before the approach of viclent winds,
or hurricanes. The watchful captain, particularly in south-
ern latitudes, is always attentive to this monitor, and when

How many inches does a fixed barometer vary in height? When
the mercury falls, what kind of weather is indicated ? When the mer-
cury rises, what kind of weather may be expected ? When fog and
smoke descend towards the ground, is it a sign of a light or heavy at-
mo;l)heye? By what analogy is it shown that the air is lightest when
filled with vapour? Of what use is the barometer, on board of shipa 1
‘When does the mercury suffer the most remarkable deprersion 1

¥
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he observes the mercury to sink suddenly, takes his meas-
ures without delay to meet the tempest. During a vioient
storm, we have peen the wheel barometer sink a hundred
degrees in a few hours. But we cannot illustrate the use
of this instrument at sea better than to give the following
extract from Dr. Arnot, who was himself present at the time.
It was,” he says, “in a southern latitude. The sun had just
set with a placid appearance, closing a beautiful afternoon,
and the usual mirth of the evening watch proceeded, when
the captain’s orders came to prepare with all haste for a
storm. The barometer had begun to fall with appalling
rapidity. As yet, the oldest sailors had not perceived even
a threatening in the sky, and were surprised at the extent
and hurry of the preparations ; but the required measures
were not completed, when a more awful hurricane burst
upon them, than the most experienced bad ever braved.
Nothing could withstand it; the sails, already furled, and.
closely bound to the yards, were riven into taiters; even the
oare yards and masts were in a great measure disabled ; and
at one time the whole rigging had nearly fallen by the
board. Such, for a few hours, was the mingled roar of the
hurricane above, of the waves around, and the incessant
peals of thunder, that no human voice could be heard, and
amidst the general consternation, even the trumpet sounded
in vain. On that awful night, but for a little tube of mer-.
cury, which had given the warning, neither the strength of
the noble ship, nor the skill and energies of her commander,
counld have saved one man to tell the tale.”

Puxrs.

542. There is a philosophical experiment, of which no
one in this country is ignorant. If one end of a straw be
introduced into a barrel of cider, and the other end sucked
with the mouth, the cider will rise up through the straw,
and may be swallowed.

The principles which this experiment involve, are exactly
the same as those concerned in raising water by the pamp.
The barrel of cider answers to the well, the straw to the
pump log, and the mouth acts as the piston, by which the
air is removed. ’

543. The efficacy of the common pump, in raising water, -

‘What remarkable instance is stated, where a ship seemed to be saved
Ly the use of the barometer ? Whatexrrimem is stated, as illustra-
sing the principle of the ecommon pump '
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depends upon the principle of atmospheric pressure, wheclf
hupel;‘:en flt’:lly illul:trut:s under tl?:p articles air pump and
barometer. .

544. These machines are of three kinds, namely, the
sucking, common pump, the lifting pump, and the forcing

- Pof

these, the common or household
pump is the most in use, and for ordi-
nary purposes, the most convenient. It
consists of*a long tube, or barrel, called
the pump log, which reacthes from a
few feet above the ground to near the
bottom of the well. At a, fig. 113, isa
valve, opening upwards, called the pump
boz. ﬁen‘the pump is not in action,
this is always shut. The piston 5, has
an aperture through it, which is closed
by a valve, also opening upwards.

By the pupil who has learned what
has explained under the articles air
pump, and barometer, the action of this
machine will be readily understoed.

545. Suppose the piston b to be down '
to a, then on depressing the lever ¢, a vacuum would be
formed between a and b, did not the water in the well rise,
in consequence of the pressure of the atmosphere on that
around the pump log in the well, and take the place of the
air thus removeg. Then, on raising the end of the lever,
the valve a closes, because the water is forced upon it, in
consequence of the descent of the piston, and at the same
time the valve in the piston b opens, and the water, which
cannot descend, now passes above the valve . Next, on
raising the piston, by again depressing the lever, this por-
tion og water is lifted up to b, or a little above it, while an-
other portion rushes through the valve a to fill its place.
After a few strokes of the lever, the space from the piston 4
to the spout, is filled with the water, where, on continuing
to work the lever, it is discharged in a constant stream. ‘

On what does the action of the common pump depend? How many
kinds of pumps are mentioned ? 'Which kind is the common ?_Describe
the common pump. Explain how the common pump acts. When the
Yever is d , what takes place in the pump barrel? When the
lever is elevated, what takes place? How far is the water raised by at-
wospherie pressure, and how far by lifting 3 .
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Although, in common langnage, this 1s calléd the suction
pump, still it will be observes, that the water is elevated by
syction, or, in more philosophical terms, by atmospheric
pressure, only above the valve 4, after which it is raised by
lifting up to the spout. The water, therefore, is pressed
%p&q the pump barrel by the atmosphere, and thrown out by
ifting. .

546. The lifting pump, properly so called, has the piston
in the lower end of the barrel, andyraises the water thl?ongh
the whole distance, by forcing it upward, without the agency
of the atmosphere.

547. In the suction pump, the pressure of the atmosphere
will raise the water 33 or 34 feet, and no more, after which.
it may be lifted to any height required. :

548. The forcing pump differs from both these, in hav-
ing its piston solid, or without a valve, and also in having a
side pipe, through which the water is forced, instead of
rising in a perpendicular direction, as in the others.

549. The forcing pum is Fig. 114,
represented by fig. 114, where T
a 18 a solid piston, working air
tight in its barrel. Thegube ¢
leads from the barrel of the
air vessel d. Throughthe piEe
p, the water is thrown into the
open air. g is a gauge, by
which the pressure of the water
in_the air vessel is ascertained.
Through the pipe 3, the water g
ascends into the barrel, its up- ‘,\

per end being furnished with
a valve opening upwards.

550. To explain the action
of this pump, suppose the pis-
ton to be down to the bottom
of the barrel, and then to be
raised upward by the lever I;
the tendency to form a vacuum
in the barrel, will bring the
water up through the pipe 1,

How toes the lifting pump differ from the common rump'l How'

does the forcin mp differ from the common pump? Explain fig.
114, and showgmpv‘:h& manner the water is brought up th_rough&

pipe i, and afterwards thrown out at the pipe 7.
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by the pressure of the atmosphere. Then, on depressing
the piston, the valve at the bottom of the barrel will be
closed, and the water, not finding admittance through the
pipe whence it came, will be forced through the pipe ¢, and
opening the valve at its upper end, will enter into the air
vessel d, and be discharged through the pipe p, into the
open air.

. The ‘water is therefore elevated to the piston barrel by
the pressure of the atmosphere, and afierwards thrown out
by the force of the piston. It is obvious, that by this ar-
rangement, the height to which this fluid may be thrown, -
will depend on the power applied to the lever, and the
strength with which the pump 1s made.

The air vessel d contains air in its upper part only, the
lower part, as we have already seen, being filled with water.
The pipe p, called the discharging pipe, passes down into
the water, so that the air cannot escape. The air is there-
fore compressed, as the water is forced into the lower part
of the vessel, and re-acting upon the fluid by its elasticity,
throws it out of the pipe in a continued stream. The con-
stant stream which is emitted from the direction pipe of the
fire engine, is entirely owing to tle compression and elas-
ticity of the air in its air vessel. In pumps, without such a
vessel, as the water is forced upwards, only while the piston
is acting upon it, there must be an interruption of the stream
while the piston is ascending, as in the common pump.
The air vessel is a remedy for this defect, and is found also
to render the labour of drawing the water more easy, be-
cause the force with which the air in the vessel acts on the
water, is always in addition to that given by the force of the
piston. ' .

Fire ENGINE.

551. The fire engine is a modification of the forcin,
pump. It consists of two such pumps, the pistons of whic
are moved by a lever with equalparms. the common fulerum
being at ¢, fig. 116. While the piston a is descending, the

‘Why does not the air escape from the ‘air vessel in this pump?
‘What effect does the air vessel have on the stream discharged 7 W
does the air vessel render the labour of raising the water more easy t
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.other piston, 5, is ascending. ' " Fie. 118.
‘The water is forced by the
ppressure of the atmosphere,
through the common pipe p,

and then dividing, ascends

4nto the working barrels -of

each piston, where the valves,

on both sides, prevent its re-

tura. By the: alternate de-
pression of the -pistons, it is g
then forced into the air box d,

=nd then by the direction pipe

e, is thrown where it is want-

ed. This machine acts pre-

cisely like the forcing pump,

only that its power is doubled,

by having two pistons instead of one.

552. There is a beautiful fountain, called the fountain
of Hiero, which acts by the elasticity of the air, and on the
same principle as that already de- Fig. 116
scribed. Its construetion wil)l' be S
understood by fig. 116, but its form
may be varied according to the dic-
tates of fancy or taste. The boxes
& and b, together with the two tubes,
are made air tight, and strong, in
proportion to the height it is desired
the fountain should play. '

553. To prepare the fountain for
action, fill the box a, through the
spouting tube, nearly full of water.
The tube ¢, reaching nearly to the
top of the box, will prevent the wa-
ter from passing downwards, while
the spouting pipe will prevent the
air from escaping upwards, after the
vessel is about balf filled with wa-
ter. Next, shut théa stop-cock of the

uting pipe, an ur water into
:If: open "vfisel d. lmThis will descend into the vessel
through the tube e, which nearly reaches its bottom, so that

Explain fig. 115, and describe the action of the fire engine. What
causes the continued stream. from the direction pipe of this engine?
How is the fountain of Hiero constructéd ?
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after a faw inches of water are poured in, - - air can
escape, except by the tube ¢, up into the vessel 8 The air
will then be compressed by the weight of the Lolumn of
water in the tube e, and therefore the force of the water
from the jet pipe will be in proportion to the height of
this tube. If this tube is 20 or 80 feet high, on turning the
stop-cock, a jet of water will spout from the e'pipe that will
amuse and astonish those who have never before seen such
an experiment. .

SteaM ENGINE.

555, Like most other great and useful inventions, ths
steam engine, from a.very simple contrivance, for the pur-
pose of raising water, has been improved at various times,
and by a considerable number of persons, until it has been
brought to its present state of power and perfection.

556. By most writers, the origin of this invention is at-
tributed to the Marquis of Worcester, an Englishman, in
about 1663. But as%e has left no drawing, nor such a par-
ticular description of his machine, as to enable us to.define
its mode of action, it is impossible, at the present time, to
say how much credit ought.to be attributed to this invention.

557. It is certain, that the first engines had neither cylin-
ders, piston, nor gearing, by which machinery was made to
revolve, these most important parts having been added by
succeeding inventors and improvers.

558. Captain Savary's Engine—The first steam engine
of which we have any definite description, was that invented:
by Capt. Thomas Savary, an Englishman, in 1698. By this
engine, the water was taised to a certain-height, by means
- of a vacuum formed by the condensation of steam, and then
x)a.g forced upward by the direct force of steam from the

iler.

559. It appears that the idea of forming a vacuum by the
condensation of steam, was suggested to Capt. Savary by
the following circumstances : ’ .

Having drank a flask of Florence wine at an inn, be
threw the empty flask on the fire, and a moment after called
for a basin of water to wash his hands. A small quantity
of the wine which remained in the flask, began to boil, and

On what will the height of the jet from Hiero’s fountain depend
‘What ‘'was the origin of the steam engine? To whom is this inven
: WMY attributed? 'Who was the inventor of the first engine of

which we have any definite deacription? What was tlie origin of*
Capt. Bavary’s idea of raising water by a vacuum ? - - ’
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steam issued fromxits mouth. Observing this, it eccurred to
him to try what effect would be produced by inverting the
flask, anrg plunging its mouth into the cold water of the
basin. Putting on a thick glove to defend his hand from
the heat, he seized the flask, and the moment he plunged its
mouth into the water, the liquid rushed up, and nearly filled
the vessel.

560. Savary states, that this circumstance suggested im-
mediately to him the possibility of giving effect to the at-
mospheric pressure, by creating a vacuum by the condensa-
tion of steam. His plan was to lift the water from the
mines to a certain height, in this imanner, and to force it to
the elevation required by the direct power of the steam.

561. Fig. 117 will show the principle, though not the
recise form, of Savary’s steam engine. It consists of a
gm'ler. a, for the generation , Fig.117. ‘

" of steam, which is furnished :
with a safety valve, b, which ﬂL J
opens and lets off the steam, .
when the pressure would
otherwise endanger the burst-
ing of the boiler. From the 4
boiler there proceeds the
steam pipe, furnished with 3 o X
the stop-cock, ¢, to the steam
vessel, d. From the bottom
of the steam vessel, there de
scends the pipe ¢, called the \,
suction pipe, which dips into
the well, or reservoir, from
which the water is to be rais-
ed. This pipe is furnished
with a valve, opening up-
wards, at its upper end. From
the upper end of the steam PS
vessel rises another pipe, f,
called the force pipe, which &
also has a valve opening up-
wards. To this pipe is attached a small cistern, g, furnished
with a short pipe, called the condensing pipe, and from which
cold water can be drawn, so as to fall upon the steam vessel d.

‘What are the parts of which Sava;y’n engine consisted ? Describe
the process by which water is raised from the well to the steam vessel.
with this engine. 8
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562. To trace the action of this simple apparatus, suppose
the steam vessels and tubes to be filled with atmospheric air,
which of course would be the case, while the whole remains
cold. But on making a fire under the boiler, steam is gen-
erated, which, on turning the stop-cock ¢, is let into the
steam vessel d, where for a time it is condensed, and falls
down in drops on the sides of the vessel. The continued
supply of steam will, however, soon heat the vessel, so that
no moie vapour wlill baenﬁopdexglsled, and fi!t's le;]astichfmi;:e will
open the upper valve, itw off through the pipe
,},)e\:hile, a?ltie same time, and byp;ls: same forc%, the loI;ver
valve will be closed.

563. When the steam has driven all the atmospheric air
from the vessel d, and the upper pipe, and there remains no-
thing in them but the pure vapour of water, suppose the
stop-cock ¢ te be turned, so as to stop the further supply of
steam, and that at the same time cold water be allowed to
run from the condensing cistern g, on the steam vessel d.
The steam will thus be condensed into water, leaving the
interior of the vessel a vacuum. The pressure of the at-
mosphere will close the upper valve, while the same press-
ure acting on the water surrounding the tube in the well,
will force the fluid up to take the place of the vacuum in
the steam veszel d.

- 564. The height to which water may thus be elevated,
we have already seen, is about 33 feet, provided the vacuum
be perfect, but Savary was never able to elevate it more than
26 feet by this method.

‘We now suppose that the steam vessel is filled with wa-
ter, by the creation of a vacuum, and the pressure of the at-
mosphere alone, the direct force of the steam having no
agency in the process. But in order to continue the eleva-
tion above the level of the steam vessel, the elastic pressure
of the steam must be employed.

565. Let us now suppose, therefore, that the vessel d is
nearly full of water, and that the stop-cock ¢ is turned, so as
to admit the steam from the boiler through the tube to the
upper part of the steam vessel, and consequently above the
water. At first, the steam will be condensed by the cold
surface of the water, but as hot water is lighter than cold,
there will soon become a film of heated liquid, by the con-

How high did Savary’s engine elevate water by atmospheric press-
ure? ‘me’bu the manner iugvlrhich the water wuyu devatgd above the
rieam .
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densation of the steam on the surface of the cold, sd tha, in
a few minutes, no more steam will be condensed. Then the
direct force of the steam pressing upon the water, will drive
it through the force pipe f, and opening the valve, will ele-
vate it to the height required. '

566. When a%l the water has been driven out, the con-
asinued influx of the steam will heat the vessel until no far-
«her condensation will take place, and the vessel will be fill-
2d with the pure vapour of water, as before, when the steam
oeing shut off, and the cold water let on, a vacuum will be
produced, and another portion of water be elevated to take
43 place, as already described, and so on continually.

This machine, though a mere apology for the complex
and effective steam engines of the present day, is-neverthe-
less highly creditable to the mechanical genius of the in-
ventor, considering the low state of science and mechanical
kunowledge at that time.

567. These engines were chiefly employed in the drain-
age of the coal mines, and were sufficiently powerful to
elevate the water to the height of about 90 feet, including
both the atmospheric pressure, and the direct force of the
steam. But the process was exceeding slow; the quantity
of steam wasted in the process was very great, and the quan-
tity of fuel consumed immense. Besides these disadvan-
ages, the bursting power of the steam, when applied with
a force sufficient to elevate a column of water 60 feet high,
was such as to require vessels of great strength, and, conse-
guently, engines of small capacity only could be employed.
In addition to these defects, where the mine was several
hundred feet deep, three or four engines must be employed,
since each could elevate the water only about 90 feet. i't is
hardly necessary, therefore, to say, that Savary’s engine did
not answer the principal object of its design, that of drain-
ing the English mines.

568. Newcomen's Engine.~The steam engine which suc-
ceeded that of Savary, was invented by Thomas Newcomen,
a blacksmith, of Dartmouth, in England. Newcomen’s pa-
tent was dated 1707, and in it Capt. Savary was united, in
consequence of his discovery of the method of forming a
mc'lll;:dm by the condensation of steam, as already de-
scribed.

‘What is said of Savary’s invention? What were the chief objee~
«tions to Savary’s engines? 'Whose steam engine succeeded that of
Savary? At what time was Newcomen's engine invented $
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© 569. The great object of Newcomen's invention, like that
of Savary, was ‘o drain the English mines. To do this, he
proposed to connect one arch head of a working beam to a
pump rod, while the other arch head should be connected
with a piston and rod moving in a cylinder, which piston
should ge made to descend by the pressure of the atmosphere,
in consequence of creating a vacuum under it by the con-
densation of steam. When the piston had been made to de-
scend in this manner, by which the pump at the other end
of the beam was to be worked, the piston was again to be
drawn up by the weight of the pump rod, so that this en-
gine was moved alternately by means of a vacuum at one
end of the beam, and a weight at the other.

570. This wasthe first proposition which had been made’
to work a piston by means of steam, or rather by means of
& vacuum, created by the condensation of steam, and may be
considered as the origin of the present mode of working all
steam engines.

§71. It is proper to distinguish this as the atmospherse

Fig. 118.

In what manner was Newcomen's engine worked ? What is said of
the originality of this invention? Why is Newcomen’s distinguished
by the name of the atmospheric engine ?
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.engine, since its movement depended on the pressure of the
atmosphere alone.

The adjoining ent, fig. 118, and the following descriptio
will show the plan and movement of Newcomen’s engine.

The boiler a, furnished with a safety valve on the top,
has a steam pipe, b, proceeding to the cylinder d. .The pis-
ton ¢ is of solid metal, and works air tight in the cylinder.
The piston is attached by its rod to the arch head of the
working beam f To the other arch head is attached
she pump rod g, which is connected with its pision in the

ump k. This pump descends to the water, to be drawn up
y the action of the engine. The swmall forcing pump & is
supplied with water by the pump %, and is designed to raise
a portion of the fluid through tﬁe condensing pipe ¢, to the
cylinder by which the steam is condensed. ,Tgis pump, as
;vell as the other, is worked by the action of the working
eam.

572. To describe the action of this engine, let us suppose
that the piston ¢ is drawn up to the top of the cylinder, by
the weingt of the pump rod g, as represented in the figure;
that the cylinder itself is filled with steam, and that the sto
cock of the steam pipe is turned so that no more steam 1s
admitted. The cylinder was surrounded by another circu-
lar vessel, leaving a space between the two, into which the
cold water was admitted. Suppose the cold water to be
drawn by the condensing pipe ¢ into this space, and conse-
?entl{ the steam to be condensed, leaving a vacuum within
«he cylinder. The consequence would be, that the pressure
of the atmosphere on the piston would instantly force it
down to the bottom of the cylinder. This wouldy give ac~
tion to the pump %, by which a quantity of water would be
drawn up from the well. '

573. Now the piston being forced to the bottom of the cyl-
inder by the pressure of the atmosphere, unless relieved
from that pressure, would not rise again, and therefore a
quantity of steam must be admitted under it by the pipe ,
0 as to balance the pressure onthe %pper side. . When this
18 effected, the piston is immediately drawn again to the top
of the cylinder by the weight of the pump rod, and thusthe
several parts of the engine become in the precise position
that they were when our description began; and in order

Describe the several parts of this engine. Describe the action of this
sngine. ge -
1
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again to depress the piston, a vacuum must once more be
nroduced by the admission of cold water on the cylinder,
and =0 on continually.

The power of these engines, although operating by the
pressure of the atmosphere alone, was much greater than
might at first be supposed. -

574. The pressure of the atmosphere, when operating ona
perfect vacuum, as we have already shown, amounts to 15
pounds on every square inch of surface. The power of this
engine therefore depended entirely on the number of square
inches which the piston preseutecfv to this pressure.

576. Now the number of square inches in a circle may
be very nearly found by the following rule :

Multiply the number of inches in the diameter by itself :
divide the product by 14, and multiply the quotient thus ob-
tained by 11, and the result will be the number of square
inches in the circle.

576. Thus, a piston having a diameter of only 13
inches, would be pressed down by a weight equal 1980
pounds, or nearly one ton ; and a piston twice this diameter,
or 26 inches, would be acted upon by a weight equal 7920
pounds, or nearly four tons. These estimates are, however,
too high for practical results, for, after allowing for the
friction of the piston, and the imperfection of the vacuum, it
was found, in practice, that only about 11 pounds of force
to the square inch could actually be obtained. :

577. Soon afier the construction of these engines, an acci-
dental circumstance suggested to the inventor a much better
method of condensation than the effusion of cold water on
the cylinder, which, as we have seen, was that first prac-
tised. In order to keep the piston air-tight, it was neces-
sary to have a quantity of water on it, which was supplied
from = pipe placed over it. On one occasion, a piston was
observes to J)escend several times with unusual rapidity, and
this without waiting for the usual supply of condensing
water. On examination, it was found that an aperture
through the piston admitted the cold water directly to the
steam in the cylinder, by which it was instantly condensed.

‘What is said of the power of these engines? How may the num-
ber of square inches in a circle be found?  'What would be the amount
of pressure on a piston of 13 inches in diameter? What would be the
pressure on a piston of 26 inches in diameter? How much must be
allowed for friction and imperfection of vacuum? How did Newco-
men discover an improved method of condensing steam ?
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578. On this suggestion, Newcomen abandoned his first
method, and by the addition of a pipe, through which a jet
of cold water was thrown into the cylinder, condensed the
steam instantly, and much more perfectly than could be doue
even by waiting a long time for the gradual cooling of the
cylinder by the old method. This was a highly important
itrl:.prgvement, and substantially is the method practised to

is day.

579. Newcomen’s machine, though so imperfect, when
compared with those of the present day, as hardly to deserve
the name of a steam engine, was extensively employed in
draining the English mines, and for nearly half a century
was the only machine moved by the application of steam,
And notwithstanding its material and obvious imperfections,
still it must be considered as a lasting monuwment of the com-
bining and inventive powers of a man, who appears origi-
nally to have had no advantages in life, above what his ex-
perience and observations as a blacksmith gave him.

580. Watt's Engine.—It does not appear that any con-
siderable improvements were made on Newcomen's steam
apparatus, until the time when James Watt began his ex-
periments and inventions in about 1763.

‘Watt was born at Greenock, in Scotland, and pursued the
business of a mathematical instrument maker in London.
He was endowed with a mind of the highest order, both as
a philosopher and inventor, as will be evinced by the new
combinations, improvements, and inventions, which he ap-

lied to nearly every part of the apparatus to which steam
as been employed as a moving power.

581. Some of his first improvements, or perhaps more
properly, inventions, were a pump, for the removal of the
air and water, which were accumulated by the condensation
of the steam—the application of melted wax, or tallow, in-
stead of water, to lubricate the piston, and keep it air-tight,
and the employment of steam above the piston, to press it
down, instead of the atmosphere, as in Newcomen’s engine.

For the latter purpose, it was necessary to close the top
of the cylinder, and allow the piston-rod to play through a
steam tight stuffing-box, as is done at the present time in all
ateam engines.

What is said of Newcomen’s invention on the whole? When did
‘Watt begin his experiments? What is said of Watt's capacitm
‘What were among the first improvements of the steam engine? W
change must be made in Newcomen’s cylinder, in order to press down
he piston with steam ?
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582. This improvement is represented by fig. 119, where
s is the steam pipe proceeding from the boiler, and oy
which steam is admitted to Fig. 119.
the cylinder. The piston 4
works air-tight in the cylin-
der g, the rod of which passes
air-tight through the stuffing- )
box 7. 'The upper valve box o L
a contains a single valve, § __..___;_. - =1
which, when open, admits the
steam into the cylinder, and i)
also into the pipe which con-
nects this with the lower valve .
box. The lower box contains
two valves, b and ¢ ; the valve 7
b, when open, admits the steam
to pass from the cylinder above
the piston, by the connecting
tube to the cylinder below the
piston; the valve ¢, when open,
admits the steam to Tom
below the cylinder, down into
the condenser d. This steam
entering the condenser, meets e
the jet of water through the valve d, where it is condensed.
The valve e, opening outwards, permits any steam which is
not condensed, together with such atmospheric air as is ac-
cumulated, to pass a\vagv. , '

The valve a is called the upper steam valve ; b, the lower
steam valve ; c, the exhausting valve, and d, the condensing
valve.

583. Now let us see in what manner this machine will
produce the alternate ascent and descent of the piston.

In the first place, all the air which fills the cylinder and
tubes must be expelled. To do this, the valves a, b, and c,
must be opened. The steam will pass through the pipe s,
into the upper part of the cylinder, and along the tube down
through the varves b and c into the condenser d. After the
steam ceases to be condensed by the. cold of the apparatus,
it will rush out, mixed with air, through the valve ¢, which
opens outwards.

584. The apparatus is thus filled with steam, and all the

‘What are the sitrciions, names, and uses, of the valves in fig. 1197




STEAM ENGINE. 163

valvez are now to be closed ; but in a few minutes a vacuum
will }7e formed in the condenser, by the cold surface of that
vessel.

The apparatus being in this state, let the upper steam
valve a, the exhausting valve ¢, and the condensing valve d,
be opened. Steam will thus be admitted through a, to press
upon the top of the piston, the steam being prevented from
circulating below the piston, by the valve b being closed.
But the steam below the piston will rush through' the ex-
hausting valve ¢, into the condenser, where a jet of cold
water through the condensing valve d, will instantly con-
dense it, and thus leave a vacuum below the piston in the
cylinder. Into this vacuum the piston is instantly pressed
by the action of the steam in the upper part of the cylinder.

585. When the piston has thus been forced to the bottom
of the cylinder, let the valves g, ¢, and d, be closed, and let
the lower steam valve b be opened. The effect of this will
be, that the further ingress of steam will be stopped, and the
further condensation of steam will cease, and thus the steam
which is shut within the apparatus, will press equally on all
sides, so that the pressure on the upper and under sides of
the piston will be equal. Thus there is no force to restrain
the piston at the bottom of the cylinder, except its weight,
which is more than balanced by t{e weight of the pump-rod
at the other end of the beam, and by the preponderance of
which the piston rises, as in the atmospheric engine.

586. When the piston has arrived to the top of the cylin-
der, the valves a, ¢, and d, are again opened, when steam
again presses on the top of the piston, while a vacuum is
formed below it, into which the piston is driven, as already
shown, and so on continually.

The valves of this engine were opened and closed by lev-
ers, which were workeg by the movement of the machine-
ry. These, being unnecessary to explain the principle, are
not shown in the drawing.

587. Mr. Watt called this his single acting engine, be-
cause the steam acted only above the piston, and for the pur-
pose of distinguishing it K’om his double acting engine, in
which the piston was moved in both directions, by the force
of steam.

588. Double Acting Steam Engine.—After the construc-
tion of the steam engine above described, Mr. Watt contine

Explain the manner in which this engine acts by means of the fig-
ure. Why does Mr. Watt call this his single acting engine 2
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ued his improvements and inventions, which resulted in the
production of his double acting engine. This consisted in
changing the steam alternately from below, to above the pis-
ton, and at the same time forming a vacuum alternately in
each end of the cylinder, into which the piston was forced
Thus the piston being at the top of the cylinder, steam was
introduced from the boiler above it, while the steam in the
cylinder below it was condensed. The piston was therefore
pressed by the steam above it into a vacuum below. Hav-
ing arrived at the bottom of the cylinder, the steam was
‘changed in its direction, and sent below the piston, while a
communication was formed between the upper part of the
cylinder and the condenser, and thus a vacuum was form
above the piston, into which it was forced by the steam act-
ing below it. In this manner was the piston moved by al-
ternately substituting steam for a vacuum, and a vacuum for
steam, on each side of the piston. S
589. Circular motion of machinery by means of steam.
—The action of the atmospheric engine of Newcomen, and
of the improved, or single acting one of Watt, was such as
could not be applied to the continued motion of machinery.
Their motions were well calculated to raise water from the
niines by pumping, and for this purpose they were chiefly
employed. Nor could these engines give a perpetual cir-
cular.motion, without some changes in their action, and ad-
ditions to their machinery. It is obvious, that the extended
use of steam in driving machinery, absolutely required such
a motion, and it appears that the genius of Watt, soon after
his experiments commenced, saw the vast consequences of
such an application of this power, and he applied himself to
the invention of machinery for this purpose accordingly.
590. In Newcomen’s and Watt's first engines, the end
of the beam opposite to the piston could only be employed
in lifting, since the power was applied only to force the
piston downwards. But in the double acting engine, the
power of steam was applied to the piston in both directions,
and hence the opposite end of the beam had a force down-
ward, as well as upward. If, therefore, instead of chains,
rods of iron were attached to each arch head of the beam,
the one rod connected with the piston, and the other with
. Describe Watt’s double acting steam engine. What is said of the
action of Newcomen’s and Waut's first engine? Why were not _their
motions applicable to machinery? Explain the reason why Watt's

double acting engine was applicable to the rotation of machinery,
while his other engine was not.

‘



STEAM ENGINE. 155

machmery to be moved, it is plain that since the end of the
beam, connected with the piston, would be pushed up and
drawn down with a force equal to the power of the steam
applied, the other end of el:%«a beam would act with equal
force, and thus that a sufficient power might be obtained in
both directions.

591. The question with respect to the means by which a
continued circular motion might be obtained from the alter-
nate motion of the working end of the beam, did not remain
long unsettled in the fertile mind of Watt. A crank con-
nected with the end of the beam by an inflexible or metalic
rod, would convert its up and down motion into one of at
least partial. rotation.

592. But still there remained a difficulty to be overcome
with respect to the rotation of a crank, for there are two po-
sitions in which the vertical motions of the working rod
could give it no motion whatever. These are, when the
axis of the crank a, fig. 120, Fig. 120.
the joint of the crank b, and the
working rod, or connector, with i
the working beam ¢, are in the o
same’ right line as shown in the
figure. In this case it is plain,
that the vertical action of ¢ could
not move the crank in any direc-
tion. Again, when the joint
b is turned down to d, so as to
bring the working rod ¢, di-
rectly over the crank, it will be
obvious that the upward or down-
ward force of the beam, could
not give a any motion what-
ever.

Hence, in these two positions
the engine could have no effect in turning the crank, and,
therefore, twice in every revolution, unless some remedy
could be found for this defect, the whole machine must
cease to act. .

- 593. Now, under Inertia, (21) we have shown that bod-
ies, when once put in motion, have a tendency to continue
that motion, and will do so, unless stopped by some oppos-

Explain the reason why a crank motion alone can not be converted
into a continued rotation? In what manner was the crank motion
converted into one of perpetual rotation ?
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ing force. With t to circular motion, this subject is
sufficiently illustrated by the turning of a coach wheel on
its axis when raised from the ground. Every one knows
that when a wheel is set in motion, under such circum-
stances, it will continue to revolve by its own inertia for
some time, without any new impulse.

594. This principle Watt applied to continue the motion
of the crank. A large heavy iron wheel was fixed to the
axis of the crank, which wheel being put in motion by the
machinery, had the effect to turn the crank beyond the po-
sition in which we have shown the working rod had no
power to move it, and thus enabled the working rod to con-
tinue the rotation. .

595. Such a wheel, called the fly wheel, or dalance
wheel, is represented attached to the crank in fig. 120, and
is now universally employed in all steam engines used in
driving machinery.

" 596. Governor, or Regulator—In the application of °
steam to machinery for various purposes, a steady or equal
motion is highly important; and although the fly wheel,
just describeg had the effect to equahize the motion of the
engine when the power and the resistance were the same,

et when the steam was increased, or the resistance dimin:
ished or increased, there was no longer a uniform velocity
in the working part of the en%ine.

In order to remedy this defect, Mr. Watt applied to his
engines an apparatus called a governor, and gy which the
quantity of steam admitted to the cylinder was so regulated
as to keep the velocity of the engine nearly the same at all
times. .

597. Of all the contrivances for regulating the motion of
machinery, this is said to be the most effectual. It will be
readily understood by the following description of fig. 121.
It consists of two heavy iron Fig. 121
balls 4, attached to the ex-
tremities ofthe two rods b, e.
These rods play on a joint
at e, passing through a mor-
tise in the vertical stem d,
d. At f these pieces are
united, by joints to the twoz( )
short rods f, A, which, at
their upper ends, are again

Give a general description of the Governor, by means of the figure.

.
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eonnected by joints at A, to a ring which slides upon the
vertical stemd d. Now it will be apparent that when these
balls are thrown outward, the lower links connected at f,
will be made to diverge, in consequence of which the up-
per links will be drawn down the ring with which they are
connected at . With this ring at 4 is connected a lever
having its axis at g, and to the other extremity of which, at
k, is fastened a vertical piece, which is connected by a joint
to the valve ». To the lower part of the vertical spindle d,
is attached a grooved wheel , around which a strap passes,
which is connected with the axis of the fly wheel.
598. Now when it 8o ha that the quantity of steam
18 too great, the motion of the fly wheel will give a pro.
portionate velocity to the spindle d, d, by means of the strap
around w, and by which the balls, by their centrifugal force,
will be widely separated ; in consequence of which the ring
A will be drawn down. This will elevate the arm of the
lever k, and by which the end , of the short lever, connected
with the valve v, in the steam pipe, will be raised, and thus
the valve turned so as to diminish the quantity of steam ad-
mitted to the piston. When the motion of the engine is
slow, a contrary effect will be produced, and the valveturn-
ed so that more steam will be admitted to the engine.
599. Low and High pressure Engines—Afier having

given a description of Watt's double acting engine, it will

ardly be necessary to describe those of the present day,
since though they have some additional apparatus, still the

principle of action is the same in both, and it is this, rather
than details, with which it is our object to make the student
"acquainted.

600. T'o comprehend the working of the piston, which is
usaally hid from the eye of the observer, it is only neces-
sary to remember, that in the upper valve box there are two
valves, called the upper steam valve, and the upper exhaust-
ing valve ; and that in the lower steam box, or bottom of the
cylinder, there are also two valves, called the lower steam
valve, and the lower exhausting valve.

601. Now suppose the piston to be at the top of the cylin-
der, the cylinder below it being filled with steam, which
has just pressed the piston up. Then let the upper steam

‘What is the difference between Watt’s double acting engine and
those of the present day? What are the*valves called in the upper,
and what in the Jower valve box? When the piston is at the to} o
thecylinder, what valves are opencd ?

14
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valve, and the lower exhausting valve be opened, the othet
two being closed ; the steam which fills the cylinder delow
the piston, will thus be allowed to pass ‘through the ex-
hausting valve into the condenser, and a vacuum will be form-
ed below the piston. At the same time, the upper steam

_valve being open, steam will be admitted above the piston
to press it down into the vacuum, which has been formed
below. On the arrival of the piston to the bottom of the
cylinder, the upper steam .valve, and the lower exhausting
valve are closed, and the lower steam valve, and upper ez-
hausting valve are opened, on which the steam above the
piston is condensed, while steam is admitted below the piston
tol 1press it into the vacuum thus formed, and so on continu-
ally. -

602. The upper steam valve, and lower exhausting valve,
are opened at the same time ; the same being the case with
the lower steam valve, and upper exhausting valve.

603. The above is a description of the movement of what
is known under the name of the low pressure engine, in
which the steam is condensed, and a vacuum formed, alter-
nately, above and below the piston. To this engine there
must be attached a cold water pump and cistern, for the
condensation of the steam; an a:r pump for the removal
of the air and condensed water, and a condenser, into which
a jet of cold water is thrown to condense the steam.

604. In the high pressure engines, the piston is pressed
up and down by the force of the steam alone, and without
the assistance of a vacunm. The additional power of steam
required for this purpose is very considerable, being equal
to the entire pressure of the atmosphere on the surface of
the piston. We have already had occasion to show that on
a piston of 13 inches in diameter, the pressure of the atmo-
sphere amounts to nearly two tons.

605. Now in the low pressure engine, in which a vacuum
is formed on one side of the piston, the force of steam re-
quired to move it is diminished by the amount of atmo
spheric pressure equal to the size of the piston. -

606. But in the high pressure engine, the piston works
in both directions against the weight of the atmosphere, and
hence requires an additional power of steam equal to the
weight of the atmosphere on the piston.

‘When at the bottom, whet valves are opened 7 What constitutes a
low pressure engine? How much more force of steam is required in
high than in low pressure engines?
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607. These engines are, however, much more simple and
cheap than the low pressure, since the condenser, cold water
pump, air pump, nn}d) cold water cistern, are dispensed with,
nothing more being necessary than the boiler, cylinder, pis-
ton, and valves. . Hence for rail-roads, and all locomotive
purposes, the high pressure engines are, and must be used.

608. With respect to engines used on board of ‘steam-
boats, the low pressure are universally employed by the
English, and it is well known, that few accidents from the
bursting of machinery have ever happened in that country.
In most of their boats two engines are used, each of which
turns a crank, and thus the necessity of a fly wheel is
avoided.

In this country high pressure engines are in common
uge for boats, though they are not universally employed. In
some, two engines are worked, and the fly wheerdispensed
with, as in England,

. 609. The great number of accidents which have happen-
ed in this country, whether on board of low or high press-
ure boats, must be attributed, in a great measure, to the
eagerness of our countrymen to be transported from place to
m:e with the greatest possible speed, all thoughts of safety

ing absorbed in this passion. It is, however, true, from
the very nature of the case, that there is far greater danger
from the bursting of the machinery in the high, than in the
low pressure engines, since not only the cylinder, but the
boiler and steam pipes, must sustain amuch higher pressure
in ::lder to gain the same speed, other circumstances heing
equal. : : :

ACOUSTICS.

610. Acoustics is that branch of natural philosophy
whic‘lil treats of the origin, propagation, and effects of
sound. .

611. When a sonorous, or.sounding body is struck, it is
thrown into a tremulous, or vibrating motion. This mo-
tion is communicated to the air which surrounds us, and by
the air is conveyed to our ear drums, which also undergo a
vibratory motion, and this last motion, throwing the audi-
tory ;erves into action, we thereby gain the sensation of
sound.

‘What parts are dispensed with in high pressure engines? What is
acoustics en a sonorous body is struck withinile:ling,inwhn
manner do we gain from it the sensation of sound ¢
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612. If any sounding body; of considerable size, is sus-
pended in the air and struck, this tremulous motion is dis-
tinctly visible to the eye, and while the eye perceives its mo-
tion, the ear perceives the sound.

613. That sound is conveyed to the ear by the motion
which the sounding body communicates to the air, is proved
b{ an interesting experiment with the air pump. Among
philosophical instruments, there is a small bell, the hammer
of which is moved by a spring connected with clock-work,
and which is made expressly for this experiment.

If this instrument be wound up, and placed under the re-.
ceiver of an air pump, the sound of the bell may at first be
heard to a considerable distance, but as the air is exhausted,
it becomes less and less audible, until no longer to be heard,
the strokes of the hammer, though seen by the eye, produ-
cing no effect upon the ear. Upon allowing the air to re-
turn gradually, a faint sound is at first heard, which be-
comes louder and louder, until as much air is admitted as
was withdrawn.

- 614. On the contrary, when the air is more dense than
ordinary, or when a greater quantity is contained in a ves-
sel, than in the same space 1n the open air, the effect of
sound on the ear is increased. This is illustrated by the
use of the diving bell.

The diving bell is a large vessel, open at the bottom, un-
der which men descend ta the beds of rivers, for the pur«
pose of obtaining articles from the wrecks of vessels. When
this machine is sunk to any considerable depth, the water
above, by its pressure, condenses the air under it with great
force. In this situation, a whisper is as loud as.a common
voice in the open air, and an ordinary voice hecomes pain
fal to the ear.

615. Again, on the tops of high mountains, where the
ressure, or density, of the air is much less than on the sur.
ce of the earth, the report of a pistol is heard only a few

rods, and the human voice is so weak as to be inaudible at
ordinary distances.

Thus, the atmosphere which surrounds us, is the medium
by which sounds are conveyed to our ears, and to its vibra-

_How is it proved that sound is conveyed to the ear by the medium
of the air ? the air ismore dense than ordinary how does it af~
fect sound ? What is said of the effects of sound on the tops of high

‘mountains }
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tions we are indebted for the sense of hearing, as well as to
al. we enjoy from the charms of music.

616. The atmosphere, though the most common, is not,
however, the only, or the best conductor of sound. Solid
bodies conduct sound better than elastic fluids. Hence, if
a person lay his ear on a long stick of timber, the scratch
of a pin nvxg be heard from the other end, which could not
be perceived through the air.

617. The earth conducts loud rumbling sounds made
below its surface to great distances. Thus, it is said, that
in countries where the volcanoes exist, the rumbling noise
which generally precédes an eruption, is heard first by the
beasts of the field, because their ears are commonly near the
ground, and that by their agitation and alarm, they give
warning of its approach to the inhabitants.

The Indians of our country will discover the approach of
horses or men, by laying their ears on the ground, when
they are at such distances as not to be heard in any other
manner. .

618. Sound is propagated through the air at the rate of
1142 feet in a second of time. When compared with the
velocity of light, it therefore .moves but slowly. Anyone
may be convinced of this by watching the discharge of
cannon at a distance. The flash is seen apparently at the
instant the gunner touches fire to the powder; the whizzing
of the ball, if the ear is'in its direction, is next heard, and
lastly, the report.

Solid substances convey sounds wiath greater velocity
than air, as is proved by the following experiment, lately
made at Paris, by M. Biot. :

619. At the extremity of a cylindrical tube, upwards of
3000 feet long, a ring of metai was placed, of the same
diameter as the aperture of the tube; and in the centre of
this ring, in the mouth of the tube, was suspended a clock
bell and hammer: The hammer was made to strike the
ring and the bell at the same instant, so that the sound of the
ring would be transmitted to the remote end of the tube,
ihrough the conducting power of the tube itself, while the
sound of the bell would be transmitted through the medium

‘Which are the best conductors of sound, solid or elastic substances?
‘What is said of the earth as a conductor of sounds? How 1s it said
that the Indians discover the approach of horses? How fast does
sound pass through the air? ich convey sounds with the greatest
welocity, solid substances or air ? .

14
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of the air inclosed in the tube. The ear being then placed
at the remote end of the tube, the sound of the ring, trans-
mitted by the metal of the tube, was first heard distincdlvl:
and after a short interval had elapsed, the sound of the be

transmitted by the air in the tube, was heard. The result
of several experiments was, that the metal conducted the
sound at the rate of about 11,865 feet per second, wkich is
about ten and a half times the velocity with which it is con-
ducted by the air. _

620. Sound moves forward in straight lines, and in this
respect follows the same laws as moving bodies, and light.
It also follows the same laws in being reflected, or thrown
back, when it strikes a solid, or reflecting surface.

621. Echo—If the surface be smooth, and of considera-
ble dimensions, the sound will be reflected, and an ecko will
be heard ; but if the surface is very irregular, soft, or small,
ao such effect will be produced.

In order to hear the echo, the ear must be placed in a
certain direction, in respect to the point where the sound is
produced, and the reflecting surface.

If a sound be produced at a4, fig. 122, Fig. 122,
and strike the plain surface b, it will be ' 3
reflected back in the same line, and the SR
echo will be heard at ¢ or @. That is, the .
angle under which it approaches the re-
flecting surface, and that under which it
leaves it, will be equal. .

" 622. Whether the sound strikes the re~
flecting surface at right angles, or oblique- ¢c
ly, the angle of approach, and the angle S
of reflection, will always be the same, and

equal. , .
This is illustrated by Fig, 193.
fig. 123, where suppose o
a pistol to be fired at g, c
while the reflecting sur- 7 Y

face is at ¢; then the
echo will be heard at b,
he angles 2 and1 being
equal to each other.

Describe the experiment, proving that sound ia conducted by a metas
with greater velocity than by the air. In what lines does sound move
From what kind of surface is sound reflected, so as to produce anecho?
Explain fig. 122. Explain fig. 123, and show in what direction sound
approaches and leaves a reflecting surface.
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- 628. If a sound be emitted between two reflecting sur.

- faces, parcilel to each other, it will reverberate, or be an-

swered backwards and forwards several times.
Thus, if the sound be made at 4, fig. Fig. 14,
124, it will not only rebound back again

‘to a, but will also be-reflected from the

points ¢ and d, and were sach reflecting
surfaces placed at every point around a
circle from a, the sound would be thrown
back from them all, at the same instant,
and would meet again at the point a.

We shall see, under the atticle Optics, a
that light observes exactly the same law
in respect to its reflection from plane surfaces, and that the
angle at which it strikes, is called the angle of incidence,
and that under which it leaves the reflecting surface, is call-
ed the angle of reflection. The same terms are employed
in respect to sound. :

624. In a circle, as mentioned above, sound is reflected
from every plane surface placed around it, and hence, if the
sound is emitted from the centre of a circle, this centre will
be éhe point zt which tllx; eclho e;vill be most distinct.

uppose the ear to ac :

at thgppoint a, fig. 125, 11:1 the Flg'é%'
centre of a circle; and let a sound —
be produced at the same point,
then it will move along the line
a e, and be reflected from the §

lane surface, back on the same 4}
Fine to a ; and this will take place "%
from all the plane surfaces placed
around the circumference of a
circle; and as all these surfaces
are at the same distance from the c
centre, so the reflected sound will arrive at the point a, at
the same instant; and the echo will be loud, in proportion
to the number and perfection of these reflecting surfaces.

625. It is apparent that the auditor, in this case, must be -
placed in the centre from which the sound proceeds, to re-

What is the angle under which sound strikes a reflecting surface
called? What is '.she angle under which it leaves a reflecting sur-
face called 7 Is there any difference in the quantity of these two am.
gles? Suppose a pistol to be fired in the centre of a circular room
wnere would be the echo? Explain fig. 124, and give the reasen.
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ceive the greatest effect. But if the shape of the room be
oval, or elliptical, the sound may be made in one part, and
the echo will be heard in another part, because the elli
has two points, called foci, at one ofp:rhich, the sound bein
produced, it will bedconce;;mtegd in ge other. ,

S a sound to roduc "
at o fig. 126, it will be reflected  TiE1%-
from the sides of the room, the angles
of incidence being equal to those of
reflection, and will be concentrated at
b. Hence a hearer standing at b, will
be affected by the united rays of sound
from different parts of the room, so
that a whisper at a, will become audi-
ble at 5, when it would not be heard \. ¢
in any other part of the room. Were a
the sides of the room lined with a pol-
ished metal, the rays of light or heat
would be concentrated in the same
manner.

The reason of this will be understood, when we consider,
that an ear, placed at ¢, will receive only one ray of the
sound proceeding from a, while if placed at b, it will receive.
the rays from all parts of the room. Such a room, whether
cox}itmcted by design or accident, would be a whispering

allery.

d 626.’011 a smooth surface, the rays, or pulses of sound,
will pass with less, impediment than on a rough one. For
this reason, persons can talk to each other on the opposite
sides of a river, when they could not be understood to
the same distance over the land. The report of a cannon,
at sea, when the water is smooth, may be heard at a great
distance, but if the sea is rough, even without wind, the
sound will be broken, and will reach only half as far.

627. Musical Instruments.—The strings of musical in-
struments are elastic cords, which being fixed at each end,
produce sounds by vibrating in the middle. -

The string of a violin, or piano, when pulled to one side
by its middle, and let go, vibrates backwards and forwards,

Suppose a sound to be produced in one of the foci of an ellipse,
where then might it be distinctly heard? Explain fig. 126, and give
the reason, y is it that persons can converse on the opposite sides
of a river, when they could not hear each other at the same distance
over t.hc;‘ land? How do the strings of musical instruments produce
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like a pendulum, and striking rapidly against the air, pro-
duces toaes, which are grave, or acute, according to its ten-
sion, size, or length.

628. The manner in which such a string vibrates, 13
shown by fig. 127.

If pulled from e Fig. 127.
to a, it will not stop ¢
again at ¢, but in
passing from a to
e, it will gain a
-momentum, which
will carry it to ¢, a
and in returnin

its momentum wn?l again carry it to 4, and so on, backwards
and forwards, like a pendulum, until its tension, and the re-
sistance of the air, will finally bring it to rest.

The grave, or sharp tones of the same string, depead on
Jite different degrees of tension; hence, if a string be struck,
and while vibrating, its tension be increased, its tone will be
changed from a lower to a higher pitch.

629. Strings of the same length are made to vibrate slow,
or quick, and consequently to produce a variety of sounds,
oy making some larger than others, and giving them dif-
terent degrees of tension. The violin and bass viol are fa-
miliar examples of this. The low, or bass strings, are cov-
ered with metallic wire, in order to make their magnitude’
and weight prevent their vibrations from being too rapid,
and thus they are made to give deep or grave tones. The
ofer strings are diminished in thickness, and increased in
tension, 0 as to make. them produce a greater number of
vibrations in a given time, and thus their tones become sharp,
or acute, in proportion. ,

635, Unler certain circumstances, a long string will di-
vide sz .ato halves, thirds, or quarters, without depress-
ing any part of it, and thus give several harmonious tones
at the same time.

The fairy tenes of the Aolian harp are produced in this
manner. This instrument consists of a simple box of wood,
with four or five strmgs, two or three feet long, fastened at
each end. These are tuned in unison, 8o that when made

Explain ﬁg. 127.  On what do the grave or acute tones of the same
string depend? Why are the bass strings of instruments covered with
meuﬁic wira? Why is there a variety of tones in the ZEolian harp,
aince all the strings are tuned in unison %
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to vibrate with force, they produce the same tones. Rut
when suspended in a gentle breeze, each string, according
to the manner or force in which it receives the blast, either
sounds, as & whole, or is divided into several parts, as above
described. “ The result of which,” says Dr. Arnot, “is the
production of the most pleasing combination, and succession’
of sounds, that the ear ever listened to, or fancy perhaps
conceived. Afier a pause, this fairy harp is often heard be-
ginning with a low and solemn note, like the base of dis-
tant music in the sky ; the sound then swells as if approach-
ing, and other tones break forth, mingling with the first,
and with each other.”

631. The manner in which a string vibrates in parts, will

be understood b . 128.
 unde, y fig S~

—_—t———

Su&apm the whole length of the atring to be from a to 5,
and that it is fixed at these two points. The portion from
b to ¢, vibrates as though it was fixed at ¢, and its tone dif-
fers from those of the other parts of the string. The same
happens from ¢ to 4, and from d to a. While a string is
thus vibrating, if a small piece of paper be laid on the part
¢, or d, it will remain, but if placed on any other part of
tho string, it will be shaken o£ . :

Winb. e

632. Wind is nothing more than air in motion. The use
of a fan, in warm weather, only serves to move the air, and
thus to make a little breeze about the person using it. .

633. As a natural phenomenon, that motion of the air
which we call wind, is produced in uence of there
being a greater degree ofP heat in one place than in another;
The air thus heated, rises upward, while that which sur-
rounds this, moves forward to restore equilibrium,

The truth of this is illustrated by the fact, that during the
burning of a house in a calm night, the motion of the air
towarde the place where it is thus rarefied, makes the wind
blow from every point towards the flame.

. Explain fig. 128, showing the manner in which strings vibrate in
Wl?fi.ilwind'l As a natural hmmnon,ho:giiwiudpm-
or, what is the cause of wind 3 - is this illustrated ? - :
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634. In islands, situated in hot climates, this principle is
charmingly illustrated. The land, during the day time, be-
g under the rays of a tropical sun, becomes heated in a
freater degree than the surrounding ocean, and, consequent-

, there rises from the land a stream of warm aiz, during

e day, yhile r:lhe cooler air tlfrom the surface of the water,
moving forward to su is Fa.rtml vacancy, produces a
cool breeze setting inlagglyon all sides of thecglagd. This
constitutes the sea breeze, which is so delightful to the in-
babitants of those hot countries, and without which men
could hardly exist in some of the most luxuriant islands be-
tween the tropics.

During the night, the motion of the air is reversed, be-
cause the earth being heated superficially, soon cools when
the sun is absent, while the water being warmed several
feet below its surface, retains its heat longer.

Consequently, towards morning, the earth becomes colder
than the water, and the air sinking down upon it, seeks an
equilibrium, by flowing outwards, like rays from a centre,
and thus the land breeze is produced.

The wind then continues to blow from the land until the
equilibrium is restored, or until the morning sun makes the
land of the same temperature as the water, when for a time
there will be a dead calm. Then again the Jand becoming
warmer than the water, the sea breeze returns as before,
and thus the inhabitants of those sultry climates are con-
stantly refreshed during the summer season, with alternate
land and sea breezes.

635. At the equator, which is a part of the earth con-
tinually under the heat of a burning sun, the air is expand-
od, and ascends upwards, so as to produce currents from the
porth and south, which move forward to supply the place
of the heated air as it rises. These two currents, coming
from latitudes where the daily motion of the earth is less
than at the equator, do not obtain its full rate of motion, and
therefore, when they approach the equator, do not move so
fast eastward as that portion of the earth, by the difference
between the equator's velocity, and that of the latitudes from
which they come. This wind therefore falls behind the
earth in her diurnal motion, and, consequently, has a rela-

In the islands of hot climates, why does the wind blow inland du-
ving the day, and off the land during the night? What are these
breezes called ? What is said of the ascent of heated air at the equa-
tor? What is the consequence on the air towards the north and south?
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* tive motion towards the west. This constant breeze towards
the west is called the ¢rade wind, because a large portion
of the commerce of nations comes within its influence.

636. Whilethe air in the lower regions of the atmosphere
is thus constantly flowing from the north and south towards
the equator, and forming the trade winds between the trop-

; ics, the heated air from these regions as perpetually rises,
and forms a counter current through the higher regions, to-
wards the north and south from the tropics, thus restoring
the equilibriam.

637. This counter motion of the air in the upper and low-
er regions is illustrated by a very simple experiment. Open
a door a few inches, leading into a heated room, and hold a
lighted candle at the top of the passage; the current of air,
as indicated by the direction of the flame, will be out of the
room. Then set the candle on.the floor, and it will show
that the current is there into the room. Thus, while the
heated air rises and passes out of the room, that which is
colder flows in, along the floor, to take its place.

This explains the reason why our feet are apt to suffer
with the cold, in a room moderately heated, while the other
parts of the body are comfortable. It also explains why
those who sit in the gallery of a church are sufficiently
warm, while those who sit below may be sh'vering with
the cold.

638. From such facts, showing the tendency of heated
air to ascend, while that which is colder moves forward to
supply its place, it is easy to account for the reason why the
wind blows perpetually from the north and south towards
the tropics; for, the air being heated, as-stated above, it as-
cends, and then flows north and south towards the pelas,
until, growing cold, it sinks down, and again flows tow~rds
the equator.

639. Perhaps these opposite motions of the two cuvrents
will be better understood by the sketch, figure 129.

Suppose a b ¢ to represent a portion of the earth’s sur-
face, @ being towards the north pole, ¢ towards the soutk
pole, and b the equator. The currents of air are supposec
to pass in the direction of the urrows. The wind, therefore
from a to b would blow, on the surface of the earth, from

_How are the trade winds formed 7 While the air in the lower ro-
gions flows from the north and south towards the equator, in what di-
rection does it flow in higher regions? How is this counter current ‘»
\ower and upper regions illustrated by a simple experiment 1
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nortk to south, while from e to a, the upper current would
pass from south to north, until it came to a, when it would
change its direction towards the south. The currents in
the southern hemisphere being governed by the same laws,
would assume similar directiohs.

OPTICS.

640. Optics is that science which treats of vision, and the
properties and phenomena of light.

The term optics is derived from a Greek word, which
signifies seeing. .

This science involves some of the most elegant and im-
portant branches of natural philosophy. It presents us with
experiments which are attractive by their beauty, and which
astonish us by their novelty ; and, at the same time, it inves-
tigates the principles of some of the most useful among the
articles of common life.

641. There are two opinions concerning the nature of
light. Some maintain that it is composed of material parti-
cles, which are constantly thrown off from the luminous
body ; while others suppose that it is a fluid diffused through
all nature, and that the luminous, or burning body, occa-
sions waves or undulations in this fluid; by which the light
is propagated in the same manner as sound is conveyed
through the air. The most probable opinion, however, is,
that light is composed of exceedingly minute particles of
matter. But whatever may be the nature or cause of light,
1t has certain general properties: or effects which we can
investigate. 'Thus, by experiments, we can determine the
laws by which it is governed in its passage through differ-

‘What common fact does this experiment illustrate? Define Optics
‘What is said of the elegance and importance of this science? Whas
are the two opinions concerning the nature of light? What is the
most probable opinion ? .

5
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ent transparent substances, and also those by which it is
governed when it strikes a substance through which it can-
aot pass. We can likewise test its nature to a certain de-
gree, by decomposing or dividing it into its elementary
parts, as the chemist decomposes any substance he wishes
to analyze.

642. To understand the science of optics, it is necessary
to define several terms, which, although some of them may
be in common use, have a technical meaning, when applied
to this science. :

a. Light is that principle, or substance, which enables
us to see any body from which it proceeds. If a luminous
substance, as a burning candle, be carried intoa dark room,
the objects in the room become visible, because they reflect
the light of the candle to our eyes.

b. Luminous bodies are such as emit light from their own
substance. The sun, fire, and phosphorus, are luminous
bodies. The moon, and the other planets, are not luminous,
since they borrow their light from the sun.

¢. Transparent bodies are such as permit the rays of
light to pass freely through them. Air and some of the
gasses are perfectly transparent, since they transmit light
without being visib?; themselves. Glass and water are also
considered transparent, but they are not perfectly so, since
they are themselves visible, and therefore do not suffer the
light to pass through them without interruption.

d. Translucent bodies are such as permit the light to
pass, but not in sufficient quantity to render objects distinct,
when seen through them.

e. Opague is the reverse of transparent. Any body which
permits none of the rays of light to pass through it, is

opaque.
" f Illuminated, enlightened. ~Any thing is illuminated
when the light shines upon it, so as to make it visible.
Every object exposed to the sun is illuminated. A lamp
illuminates a room, and every thing in it.

&- A Ray is a single line of light, as it comes from a lu.
minous body.

What islight? What is a luminous body ? What is a transpa-
rent bod{’l Are glass and water perfectl%vtransparent‘! How is it
proved that air is perfectly transparent ? hat are translucent bod-
1es? What are opaque bodies? What is meant by illuminated
What is aray of light ?
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8. A Beam of hight is a body of parallel rays.
- 3. A Pencil of light is a body of diverging or converging
rays. .

k. Divergent rays, are such as come from a_point, and
- continually separate wider apart, as they proceed.

« L Convergent rays, are those which approach each
other, so0 as to meet at a common point. '

m. Luminous bodies emit rays, or pencils of light, in
every direction, so that the space through which they are
visible is filled with them at every possible point.

643. Thus, the sun illuminates every point of space,
within the whole solar system. A light, as that of a light
house, which can be seen from the distance of ten miles in
one direction, fills every point in a circuit of ten miles from
it, with light. Were this not the case, the light from it
could not be seen from every point within that circumfer-
ence.

644. The rays oi;xl’x;lght move forward in straight lines
from the luminous body, and are never turned out of their
course except by some obstacle.

- Let a, fig. Fig. 130.

130, be a beam

of light from the

sun in

throughmaﬁ 4
orifice in the & < 3
window shutter

b. 'The sun cannot be seen through the crooked tube c,
because the beam passing in a straight line, strikes the side
of the tube, and therefore does not pass through it.

645. All the illuminated bodies, whether natural or arti-
ficial, throw off light in every direction of the same color as
themselves, though the light with which they are illumi-
nated is white or without colour.

This fact is obvious to all who are endowed with sight.
‘Thus, the light proceeding from grass is green, while that
proceeding from a rose is red, and so of every other colour.

What is a beam? Whata pencil? What are divergent rays?
‘What are convergent rays? In what direction do luminous bodies
emit light? How is it proved that a luminous body fills eve: ing
withina certain distance with light? Why cannot a beam of 5‘ t be
seen througha bent tube? What is the colour of the light which dif
ferent bodies throw off 7  If grassthrows off’ green light, what becomes
of the other rays?
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. 'We shall be convinced, in another place, that the white
light with which things are illuminated, is really composed
ofg several colors, and that bodies reflect only the rays of .
their own colors, while they absorb all the other rays.

646. Light moves with the amazing rapidity of abow
95 millions of miles in 8} minutes, since it is proved by
certain astronomical observations, that the light of the sun:
comes to the earth in that time. This velocity is so great,
that to any distance at which an artificial light can be seen,
it seems to be transmitted instantaneously. :

If a ton of gunpowder were exploded on the top of a
mountain, where its light could be seen a hundred .m'lles,
no perceptible difference would be observed in the time of
its';lppearance on the spot, and at the distance of a hundred
miles. :

RErracTION OF LIGHT.

647. Although a ray of light will always pass in a
straight line, wgen not iterrupted, yet when it passes ob-
liquely from one transparent body into another, of a differ-
ent denaity, it leaves its linear direction, and is bent, or re-
fracted, more or less, out of its former course. This change
1n the direction of light, seems to arise from a certain pow-
er, or quality, which transparent bodies possess in different
degrees; for some substances bend the rays of light much
more obliquely than others.

The manner in which the rays of Fig. 13L
light are refracted, may be readily
understood by fig. 131.

Let a be a ray of the sun’s light,
proceeding obliquely towards the sur- ¢
face of the water ¢, d, and let ¢ be
the point which it would strike, if
moving only through the air. Now,
instead of passing through the water
in the line g, ¢, it will be hent or re- o
fracted, on entering the water, from o to », and having
passed through the fluid it 18 again refracted in a contrary

‘What is the rate of velocity with which light moves? Can we
perceive ar}y difference in the time which it takes an artificial light te
ass to us from a great or small distance? 'What is meant by the re-
raction of light? “Doall tmn:E‘mm bodies refract light equally 1 Ex
plain fig. 131, and show how the ray is refracted in passing into ane
out of the water.
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direction on passing out of the water, and then proceeds
onward in a straight line as before.

648. The refraction of water is beautifully proved by the
following simple experiment. Place an empty cup, fig. 132,
with a shilling on the bottom, in such a position, that the
side of the cup will just hide the piece of money from the
eye. Then let another per-—, Fig. 132,
son fill the cup with water,
keeping the eye in the same
position as before. As the
water is poured in, the shil-
ling willll’;come visible, ap-
pearing to rise with the wa-
ter. The effect of the water
is to bend the ray of light
coming from the shilling, so .
as to make it meet the eye ¢
below the point where it otherwise would. Thus the eye
could not see the shilling in the direction of ¢, since the line
of vision is towards a4, and c is hidden by the side of the
cup. But the refraction of the water bends the ray down-
wards, producing the same effect as though the object had
been raised upwards, and hence it becomes visible.

649. The transparent body through which the light
pesses is called the medium, and it is found in all cases,
* that where a ray of light passes obliquely from one medium
into another of a different density, it is refracted, or turned
out of its former coyrse.” This is illustrated in the above
examples, the water being a more dense medium than air.
The refraction takes place at the surface of the medium,
and the ray is refracted in its passage out of the refracting
substance as well as into it.

650. If the ray, after having passed through the water,
then strikes upon a still more dense medium, as a pane of
glass, it will again be refracted. It is understood, that in
all cases the ray must fall upon the refracting medium ob-
liquely, in order to be refracted, for if it proceeds from one
medium to another perpendicularly to their surfaces, it will
pass straight through them all, and no refraction will take

place.

n.!‘.‘:yhin fig. 132, and state the reason why the shilling seems to be
jsed up by pouring in the water. What is a medium? In what
direction must aray of light pass towards the medium to be refracted 3
‘Wil a ray falling pupaudicuhr{y:n amedium be refracted

5
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Thus, in fig. 133, let a represent air, & Fig. 133
water, and ¢ a piece of glass. The ray 4, d
striking each medium in a perpendicular di-
rection, passes through them all in a straight
line. The oblique ray passes through the
air in the direction of ¢, but meeting the
water, is refracted in the direction of o ; then
falling upon the glass, it is again refracted
in the direction of p, nearly parallel with the
perpendicular line d. .

651. In all cases where the ray passes out
of a rarer into a denser medium, it is re-
Sfracted towards a perpendicular line, raised
from the surface of the denser medium, and
so, when: it passes out of a denser, into a
rarer medium, it i3 refracted from the same perpendicular.

Let the medium b, fig. 134, be glass, and the medium ¢,
water. The ray a, as it falls upon the medium b, is refract-
ed towards the perpendicular line ¢, d; Fig. 134.
but when it enters the water, whose re- @
fractive power is less than that of glass,
it is not bent so near the perpendicular
as before, and hence it is refracted from,
instead of towards, the perpendicular
line, and approaches the original direc-
tion of the ray a, g, when passing
through the air.

The cause of refraction appears to be.
the power of attraction, which the denser
medium exerts on the passing ray; and in all cases the at-
tracting force acts in the direction of a perpendicular to the
refracting surface.

652. The refraction of the rays of light, as they fall upon
the surface of the water, is.the reason why a straight rod,
with one end in the water, and the other end rising above
it, appears to be broken, or bent, and also to be shortened.

PO

Suppose the rod a, fig. 135, to be set with one half of its

length below the surface of the water, and the other half

above it. The eye being placed in an oblique direction,.

Explain fig. 133, and show how the ray e is refracted. When the
ra{ passes out of a rarer into a denser medium, in what direction is it
refracted 7 When it passes out of a denser into a rarer medium, in
what direction is the refraction? Explain this by fig. 134. What is
the cause of refraction? What is the reason that a rod, with one end
in the water, appears distorted and snorter than it really is?
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will see the lower end apparently at the point o, while the
real termination of the 'rocf would be at n:  * Fig. 135.
the refraction will therefore maketherod 2
appear shorter by the distance from o to ‘
8, or one fourth shorter than the part be-
low the water really is. The reason why pess
the rod appears distorted, or broken, is,
that we judge of the direction of the part
which is under the water, by that which
is above it, and the refraction of the rays coming from below
the surface of the water, give them a different direction, when
compared with those coming from that part of the rod which
is above it. Hence, when the whole rod is below the water,
no such distorted appearance is observed, because then all
the rays are refracted equally. '
For the reason just explained, persons are often deceived
in respect-to the depth of water, the refraction making it
appear much more shallow than it really is; and there is’
no doubt but the most serious accidents have often happen-
ed to those who have gone into the water under such decep-
tion ; for a pond which is really six feet deep, will appear to’
the eye only a little more than four feet deep.

«  REFLRCTION oF LiGHT.

653. ‘If a boy throws his ball against the side of a housé’
swiftly, and in a perpendicular direction, it will bound back
nearly in the line in which it was thrown, and he will be able
to catch it with his hands; but if the ball be thrown oblique-
ly to the right, or left, it will bound away from the side of the
house in the same relative direction in which it was thrown.

The reflection of light, so far as re- Fig. 136.
gards the line of approach, and the line
of leaving a reflecting surface, is gov-
emned by the sarae law. . ™

Thus, if a sun beam, fig. 136, passing
through a small aperture in the window
shutter a, be permitted to fall upon the
plane mirror, or looking glass, ¢, d, at &
right angles, it will be reflected back at right angles with
the mirror, and therefore will pass back again in exactly
the same direction in which it approached.

Why does the wat;;uin a ponﬁnappqar less deep than llture:llnybx‘a‘:
& sup beam upon a e mirror, at right
Min What direction will it be reflected 1 e
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654. But if the ray strikes the mirror in an oblique di-
rection, it will also be thrown off in an Fig. 131.
oblique direction, opposite to that in
which it was thrown.

Let a ray pass towards a mirror in the
line 4, ¢, fig. 137, it will be reflected off
in the direction of ¢, d, making the an- ¢
gles 1 and 2 exactly equal.

The ray a, ¢, is called the incident
ray, and the ray ¢, d, the reflected ray;
and it is found, in all cases, that whatever
angle the ray of incidence makes with the reflecting sur-
face, or with a perpendicular linedrawn from gy y35.
the reflecting surface, exactly the same angle
is made by the reflected ray.

655. From these facts, arise the general
law in optics, that the angle of reflection is
equal to the angle of incidence.

The ray a, ¢, fig. 138, is the ray of inci-
dence, that from c to d, is the ray of re-
flection. The angles which a, ¢, make with
the perpendicular line, and with the plane of
the mirror, is exactly equal to those made by
¢, d, with the same perpendicular, and the
same plane surface.

z]

Mirrors.

656. Mirrors are of three kinds, namely, plane, convez,
and concave. They are made of polished metal, or of
glass covered on the back with an: amalgam of tin and
quicksilver. :

The common looking glass is e plane mirror, and con-
sists of a plate of ground glass so highly polished as to per-
mit the rays of light to pass through it with little interrup- -
tion. On the back of this plate is placed the reflecting sur-
face, which consists ofa mixture of tin and mercury. The
glass plate, therefore, only answers the purpose of sustain-
ing the metallic surface in its place,—of admitting the rays

Suppose the ray falls obliquely on its surface, in what direction will
it then be reflected 7 What is Zn incident ray of light? What isa
reflected ray of light? What general law in o%tics results from ob-
servations on the incident and reflected rays? How many kinds of
mirrors are there 7 'What kind of mirror is the common looking glass ¢
Of what use is the glass plate in the construction of this mirror
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of light to and from it, and of preventing its surfsce from
tarnishing, by excluding the air. Could the metallic.
surface, however, be retained in its place, and not exrooed
to the air, without the glass plate, these mirrors would be
much more perfect than they are, since, in practice, glass.
cannot be made so perfect asto transmit all the rays of light
which fall on its surface.

657. When applied to the plane mirror, the angles of in- '
cidence and of reflection are equal, as already stated ; and it
therefore follows, that when the rays of light fall upon it
obliquely in one direction, they are thrown off under the
same angle in the opposite direction.

This is the reason why the images of objects can be seen
when the objects themselves are not visible.

Suppose the mirror a b, fig. 139, to Fig. 139.
be placed on the side of a room, and a '
lamp to be set in another room, but so
situated, as that its light would shine
upan the glass. The lamp itself could
not be seen by the eye {it:ced at e, be-
cause the partition d is between them;
but its image would be visible at e, be-
cause the angle of the incident ray,
coming from the light, and that of the
reflected ray which reaches the eye,
are equal. -

658. An image from a plane mir- .
ToT appears to be just as far behind the mirror as the object
is before it, so that when a person approaches this mirror,
his'image seems to come forward to meet him; and when
he withdraws from it, his image appears to be moving back-
ward at the same rate. For the same reason, the different
parts of the same object will appear to extend as far behind
the mirror, as they are before it.

If, for instance, one end of a rod, two feet long, be made
to touch the surface of such a mirror, this end of the rod,
and its image, Will seem nearly to touch each other, there
being only the thickness of the glass between them ; while
the other end of the rod, and the other end of its image, will
appear to be equally distant from the point of contact.

Explain fig. 139, and show how the image of an object can be seen
in a plane mirror, when ths real object is invisible. The jmage of an
object appears just as far behind a plane mirror, as the object is befors
it; explain fig. 140, and show why this is the case.
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The reason of this is explained on the principle, that the
angle of incidence and that of reflection is equal.

Suppose the arrow g, to be the object reflacted by the
mirror d ¢, fig. 140; the inci- Fig. 140. :
dent rays a, flowing from the A
end of the arrow, being thrown o
back by reflection, will meet \
the eye in the same state of di-
vergence that they would do, 5 e
if they proceeded to the same
distance behind the mirror, that
the eye is before it, as at o.

Therefore, by the same law, e

the reflected rays, where they a
meet the eye at ¢, appear to di-

verge from a point A, just as far behind the mirror, as a is
before it, and consequently the end of the arrow most re-
mote from the glass, will appear to be at 4, or the point
where the approaching rays would meet, werethey contin-
ued onward gehind the glass. The rays flowing from every
other }nrt of the arrow followthe same law ; and thus every
part of the image seems to be at the same distance behind
the mirror, that the object really is before it.

659. In a plane mirror, a person may see his whole im-

e, when the mirror is only half as long as himself; let
him stand at any distance from it whatever.

This is also explained by the law, that the angles of in-
cidence and reflection are equal. If the mirror be elevated,
so that the ray of light from the eye falls perpendicularly
upon the mirror, this ray will be thrown back by reflection
in the same direction, so that the incident and reflected ra
by which the image of the eyes and face are formed, will
be nearly parallel, while the ray flowing from his feet will
fall on the mirror obliquely, and will be reflected as ob-
liquely in the contrary direction, and so of all the other rays
by which the image of the different parts of the person is
formed.

Thus, suppose the mirror ¢ ¢, fig. 141, to be just half as
long as the arrow placed before it, and suppose the eye to be
* placed at a. Then the ray a ¢, proceeding from the eye at

'What must be the comparative I of a plane mirror, in which
. may see his whole image? In what part of the image, fig.
141, are the incidental and reflected rays nearly parallel?
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a, and fallin n- Fig. 141.

dicularly on gthe ggass c o
at ¢, will, be reflected

back to the eye in the

same line, and this part

of the image will ap- '

r at b, in the same s

ine, and at the same

distance behind the

glass, that the arrow is -

before it. But the ray " &

flowing from the lower
extremity of the arrow, will fall on the mirror obliquely, as
at ¢, and will be reflected under tiie same angle to the eye,
and therefore the extremity of the image, appearing in the
direction of the reflected ray, will be scen atd. The ra
flowing from the other parts of the arrow, will observe the
same law, and thus the whole image is seen distinctly, and
in the same position as the object..

To render this still more obvious, suppose the mirror to
be removed, and another arrow to be placed in the position
where its image appears, behind the mirror, of the same
length as the one before it. Then the eye, being in the
same position as represented in the figure, would see the
different parts of the real arrow in the same direction that
it before saw the image. Thus, the ray flowing from the
upper extremity of the arrow, would meet the eye in the
direction of b ¢, while the ray, Fig. 142.
coming from the lower extremity,
would fall on it in the direction
ofed.

660. ConvEx Mirror.—A
convex mirror is a part of a

here, or globe, reflecting from

e outside.

Suppose fig. 142 to be a sphere,
then the part from a to o, would
be a section of the sphere. Any
part of a hollow ball of glass,

Why does the imn#! of the lower part of the arrow appear at d?
Sup, the mirror, fig. 141, to be removed, and an arrow of the same
length to be placed where the image appeared, would the direction of
the rays from the arrow be the same that they were from the image %
What is a convex mirror?
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* with an amalgam of tin and quicksilver spread on the in.
side, or any part of a metallic globe polished on the outside,
would form a convex mirror.

The azis of a convex mirror, is Fig. 143,
a line, as ¢ b, passing through its

centre. .

661. Rays of light are said to %‘ 4
diverge, when they proceed from
the same ‘point, and constantly rﬁ%
cede from each other, as from the

point g, fig: 143. Rays of lightare
said to converge, when they approach each other in sach
u direction as finally to meet at a point, as at 5, fig. 143.

The image formed by a plane mirror, as we have al-
ready seen, is of the same size as the object, butthe image
reflected from the convex mirror is always smaller thau the
object.

The law which governs the passage of light with respect
to the angles of incidence and reflection, to and from the
.convex mirror, is the same as already stated, for the plane
mirror. :

662. From the surface of a plane mirror, parallel rays
are reflected parallel ; but the convex mirror causes parallel
rays falling on its surface to diverge, by reflection.

To make this understood, Fig. 14.
let 1, 2, 3, fig. 144, be parallel

. rays, falling on the surface of
the convex reflector, of which
a would be the centre, were the
reflector a whole sphere. The
ray 2 is perpendicular to
the surface of the mirror, for
when continued in the same
direction, it strikes the axis, or
centre of the circle a. The two
rays, 1 and 3, being parallel
to this, all three would fall on

aﬁ)lane mirror in a perpendi-
cular direction, and conse-
quently would be reflected in the lines of their incidence.

What is the axis of a convex mirror? What are diverging rays 1
What are converging rays? What law governs the age of light
from and to the convex mirror? Are parallel rays falling on a con-
vex mirror, reflected parallel? Explain fig. 144.
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But the obliquity. of the convex surface, it is obvious, will

1ender the direction of the rays 1 and 3, oblique to that sur-
face, for the same reason that 2 is perpendicll?lar to that part
of the circle on which it falls. Rays falling on any part
of this mirror, in a direction which, if continued through
the circumference, would strike the centre, are perpendicu-
lar to the side where they fall. Thus, the dotted lines, ¢ &
and d a, are perpendicular to the surface, as well as 2.

Now the reflection of the ray 2, will be back in the line
of its incidence, but the rays 1 and 3, falling obliquely, are
reflected under the same angles at which thoy fall, and there-
fore their lines of reflection will be as far without the per-
pendicular lines ¢ a, and d a, as the lines of their incident
rays, 1 and 3, are within them, and consequently they will
diverge in the direction of ¢ and o ; and since we always see
the image in the direction of the reflected ray, an object
placedat 1, would appear behind the surface of the mirror
at », or in the direction of the line o n.

663. Perhaps the subject of the convex mirror will be
better understood, by considering its sarface to be formed of
a number of plane surfaces, indefinitely small. In this case,
each point from which a ray is reflected, would act in the
same manner as a plane mirror, and the whole, in the man-
ner of a number of minute mirrors inclined from each
other.

Suppose a and b, fig. 145, to Fig. 145.
ke the points on a convex mir- 2
ror, from which the two parallel |
rays, ¢ and d, are reflected. Now, \
from the surface of a plane mir-
ror, the reflected rays would be
parallel, whenever the incident -
ones are 8o, because each will
fall upon the surface under the
same angles. Bat it is obvious,
in the present case, that these _
rays falrupon the surfaces, 4 and 5, under differe 1t angles,
as respects the surfaces, ¢ approaching in a more oblique
direction than d ; consequently ¢ is reflected more othquell

@

than d, and the two reflected rays, instead of being parellel,

as before, diverge in the direction of » and o.

How is the action of the convex mirror illustrated by a number of
plave mirrors % 1 i
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664. Again, the two con- Fig. 146.
verging rays a& and b, fig. ¢
146, without the interposition
of the reflecting surfaces,
would meet at ¢, but because
the angles of reflection are
equal to those of incidence,
and because the surfaces of
reflection ave inclined to each
other, these rays are reflected
less convergert, and instead
of meeting at ithe same dis- c
tance before the mirror that
¢ is behind it, are sent off in the direction of e, at which
point they meet.

665. “ Thus parallel rays falling on a convez mirrer,
are rendered diverging by reflection ; converging rays are
made less convergent, or parallel, and diverging rays more
divergent.” )

. The effect of the convex mirror, therefore, is to disperse
the rays of light in all directions; and it is proper here to
remind the pupil, that although the rays of light are repre-
sented on Faper by single lines, there are in fact probably
millions of rays, proceeding from every point of all visible
bodies. Only a.comparatively small number of these rays,
it is true, can -enter the eye, for it is only by those which
proceed in straight lines from the different parts of the ob-
]eceta. and enter the pupil, that the sense of .vision i» ex-
tited.

Now, to conceive how exceedingly small must be the
proportion of light thrown off, from any visible object which
enters the eye, we must consider that the same object re-
flects rays in every other direction, as well as in that in
which it is seen. Thus, the gilded ball on the steeple of a
church may be seen by millions of persons at the same time,
who stand upon the ground ; and were millions more raised
above these, it would e visible to-all. ’

When, therefore. 1t is said, that the convex mirror dis-

Exlrlnin fig. 146. What effect does the convex mirror have upor
%n el rays by r.fection? What is its effect on converging rays?

hat is its eff*zt on diverging rays? Do the rays of light proceed
only from the ¢ xtremities of objects, as represented in figures, or from
all their parts? Do all the rays of iiglu proceeding from an object en~
ter the eye, or only a few of 1
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es the rays of light which fall upon it from any ob-
ject, and when the direction of these reflected rays are-
shown only by single lines, it must be remembered, that
. each line represents pencils of rays, and that the light not
only flows from the parts of the object thus designated, but
from all the other parts. Were this not the case, the object
would be visible only at certain points.

666. The images of objects reflected from the convex
mirror, appear curved, because their different parts are not -
equally distant from its surface.

If the object a be placed Fig. 147.
obliquely before the convex
mirror, fig. 147, then the con-
verging rays from its two ex-
tremities falling obliquely on
its surface, would, were they
prolonged through the mir-
ror, meet at the point ¢, be ‘
hind it. But instead of be-£& €
ing thus continued, they are
thrown back by the mirror, .
in less convergent lines, which meet the eye at ¢, it being,
as we have seen, one of the properties of this mirror, to re-
- flect converging rays less convergent than before. .

The image being always seen in the direction from which
+he ratys approach the eye, it appears behind the mirror at
d. If the eye be kept in the same position, and the object,’
a4, be moved further from the mirror, its image will apgear
smaller, in a proportion inversely to the distance to which
it is removed. ansequently, by the same law, the two
ends of a straight object will appear smaller: than its mid-
dle, because they are further from the reflecting . surface of
the mirror. Thus, the images of straight objects, held be-
fore a convex murror, appear curved, and for the same rea-
son, the features of the face appear out of proportion, the
nose being too large, and the cﬁeeks too small, or narrow.

The reason why the image appears less than the object is,
that the convex surface of the mirror has the property, as

‘What would be the consequence, if the rays of light proceeded only
from the parts of an object shownin diagrams % hy do the ima
of objects -eflected from convex mirrors appear curved? Why do
leatures o€ the mu out of proportion, by this mirror? Why
does an '\ ege from a convex surface appear smaller than the

nsiect s
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stated above, of decreasing the convergency of the incidental
rays by reflection.

667. Now, objects appear to us large or small, in propor-
tion to the angle which the rays of light, proceeding from
their extreme parts, form, when they meet at the eye. For
it is plain that the half of any object will appear under a
less angle than the whole, and the quarterunder a less angle
still. Therefore the smaller an object is, the smaller will be
the angle under which it will appear at a given distance. If
then a mirror makes the angle under which an object is
seen smaller, the object itself will seem smaller than it really
is. Hence the image of an object, when reflected from the
convex mirror, appears smaller than the object itself. This
will be understood by fig. 148.

Suppose the rays flow- Fig. 148.
ing from the extremities of
the object a, to be reflect-
ed back to ¢, under the
same degrees of conver-

ence at which they strike

e mirror; then, as in the
plane mirror, the image 4,
would alzﬁear of the same
size as the object a; for
if the rays from & wereAe

rolon behind the mirror, they would meet at b, but
orming the same angle, by refiection, that they would do,
if thus srolonged, the object seen from b, and its image from
¢, would appear of the same dimensions.

But instead of this, the rays from the arrow a, being ren-
dered less convergent by reflection, are continued onward,
and meet the eye under a more acute angle than at ¢, the
angle under which they actually meet, being represented at
¢, consequently the image of the object is shortened in pro-
portion to the acuteness of this angle, and the object ap-
pears diminished, as represented at o.

668. The image of an object, as already stated, appears
less as the object is removed to a greater distance from the
mirror.

Wh{ does the half of an object appear to the eye smaller than the
hole? Suppose the Iacandm.ll& are equal, will there
be any differénce between the size of the object and its image ? How 18
the image affected, when the object is wi wn from the surface of &
convex mirror ’

-
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« To ex} (ain the reason of this, Fig. 149.
fet-us suj pose that the arrow a, -
fig. 149, .s diminished by reflec-
tion from the convex surface, so -
that its image appearing at d, -
with the eye at ¢, shall seem as
much smaller in proportion to the
object, as d is less than a. Now,
keeping the eye at the same dis-
tance from the mirror, withdraw
the object, so that it shall be equally distant with the eye,
and v:;e image will gradually diminish, as the arrow is re-
moved. o

669. The reason of this will be Fig. 150.
made plain by the next figure;
for as the arrow is moved back-
wards, the angle at ¢, fig. 150,
must be diminished, because the
mys flowing from the extremi.
ties of the object fall a greater
distance before they reachthesur-
face of the mirror; and as the /3
angles of the reflected rays bear * :
a proportion to those of the incident ones, so the angle of
vision will become less in proportion as the object is with-
drawn. "The effect therefore of withdrawing the object, is
first to lessen the distance between the converging rays, flow-
ing from it, at the point where they strike the mirror, and
as a consequence to diminish the angle under which the re-
flected rays convey its image to the eye. 3

670. In the plane mirror, as already shown, the image
appears exactly as far behind the mirror as the object is
before it, ut the convex mirrer shows the image just under
the surface, or, when the object is removed to a distance, a
little way behind it. To understand the reason of this dif-
ference, it must be remembered, that the plane mirror makes
the image seem as far behind as the object is before it, because
the rays are reflected in the same relative position, at which
they fall upon its surface. Thus, parallel rays are reflected

Explain figures 149 and 150, and show the reason why the images
are diminished when the objects ave removed from the convex mirror.
‘What is said to be the first effect of withdrawing the object from &
¢mcu'vemrfuc, and what the consequence on the angle of reflected
rays :

16*
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parallel; divergent rays ly divergest, and convergen
rays equally convergent. But the convex mirror, as also
above shown, reflects convergent rays less convergent, and
divergent rays more divergent, and it is from this property
of the convex mirror that the image appears near its sur-
face, and not as far behind it as the object is before it, as in
the plane mirror.

Let us suppose that a, fig. 151, is a Fig. 151.
luminous point, from which a pencil . &
of diverging rays fall upon a convex
mirror. 'These rays, as already de- ¢
monstrated, Evill be reﬂzcted;l uﬁ)ro di-
vergent, and consequently will meet .
thege‘: at ¢,in an:iler stayte of disper-
sion they fell upon the mirror at o,
Now, as the ima%: will appear at the
point where the diverging rays would «
converge to a focus in a contrary direction, were they pro-
longed behind the mirror; so it cannot appear as far behind
the reflecting surface as the object is before it, for the more
widely the rays meeting at the eye are separated, the shorter
will ge the distance at which they :.'K' come to & point.
The image will, therefore, appear at =, instead of appearing
at an equal distance behind the mirror that the object a is
before it. i

67). Coxcave Mirzor.—The shape of the concave
mirror is exactly like that of the convex mirror, the only
difference between them being in respect to their reflecting
surfaces. The reflection of the concave mirror takes place
from its inside, or concave surface, while that of the convex
mirror is from the outside, or convex surface. Thus the
section of a metallic sphere, polished on both si 'es, is both
a concave and convex mirror, as one or the othe: side is
em'gloyed for reflection.

he effect and phenomena of this mirror will therefore

be, in many respects, directly the contrary from those al-
ready detailed, in reference to the convex mirror.

From the plane mirror, the relation of the incident rays
are not changed by reflection ; from the convez mirror they
are dispersed ; but the comcave mirror renders the rays re-

Explain the reason why the image appears near the surface of the
convex mirror. ‘What is the shape ofthe concave mirror, and in what
vespoct does it differ from the convex mirror? How may convex and
eoncave mirrors be united in the same instrument ¥
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Rocted from it more convergent, and tends to concentrate
them iato a focus. - .

The surface of the concave mirror, like that of the con-
vex. may be considered as a great number of minute plane
mirrors, inclined to each other at certain angles, in propor-
tion to its concavity.

672. The laws of incidence and reflection are the same,
when applied to the concave mirror, as those already ex-
plained in reference to the other mirrors.

In reference to the concave mirror, Fig. 152.
let us, in the first place, examine the ef- a
fect of two plane mirrors inclined to ¢
each other, as in fig. 152, on parallel
m{s of light. The incident rays, 4 and
b, being parallel before they reach the
reflectors, are thrown off at unequal an-
gles in respect to each other, for b falls
on the mirror more obliquely than a, and
consequently is thrown off more oblique-
ly-in a contrary direction, therefore, the
angles of reflection being equal to those of incidence, the
two_rays meet at ¢. Thus we see that the effect of twe
plane mirrsors inclined to each other, is to make parallel
rays converge and meet in a focus.

The same resull would take place, whether the mirror
was one continued circle, or an infinite number of small
mirrors inclined to each other in the same relation as the
different parts of the circle.

The effect of this mirror, as we have seen, being to ren-
der parallel rays convergent, the same principle will render
diverging rays parallel, and converging rays still ‘more con-
vergent. .

673. The focus of a concave mirror is the point where the
rays are brought together by reflection. The centre of con-
cavily in a concave mirror, is the centre of the sphere, of
which the mirror is a part. In all concave mirrors, the fo-
cus of parallel rays, or rays falling directly from the sun, is
ot the distance of half the semi-diameter of the sphere, or
globe, of which the reflector is a part.

Thus, the parallel rays 1, 2, 3, &c., fig. 153, all meet at

What is the dif;nnmfﬁﬂ'ect trt\;unh the concave, wll:e'ex' and
plane mirrors, on the re! rays what respect may the concave
mirrer be considered as a n\\mbz' of plane mirrore # #Im is the fos
ous of a concave mirror }



88 MIRRORS.

ihe point o, which is haif the distance between the centrs
.a, of the whole sphere, Fig. 163 .
and the surface of the e
reflector, and therefore ., :
one quarter the diame- \
ter of the whole sphere, ™
of which the mirror is \ ——2
a part.

674. In concave mir-
rors, of all dimensians,
the reflected rays fol- 7
low the same law; that /
is, parallel rays meet /
and cross each other at
the _distance of one ,
fourth the diameter of
the sphere of which they are sections. This poiut is called
the principal focus of the reflector. .

But if the incident rays are divergent, the focus will be
removed to a greater distance from the surface of the mir-
ror, than when they are parallel, in proportion to their di-
vergency.

. This might be inferred from the Fig. 154.
general laws of incidence and reflec-
tion, but will be made obvious by fig. °
154, where the diverging rays 1, 2, 3,
4, form a focus at the point o, where-
as, had they been parallel, their focus
would have been at . That is, the
actual focus is at the centre of the
sphere, instead of being half way be-
tween the centre and circumference, as
is the case when the incident rays are '
parallel. The real focus, therefore, is beyond, or without,
the principal focus of the mirror.

. 675. By the same law, converging rays will form a point
within the principal focus of a mirror.

Thus, were the rays falling on the mirror, fig. 155, par-
allel, the focus would be at a; but in consequence of their

At what distance from its surface is the focus of parallel rays in this
mirror? What is the principal focus of'a concave mirror ? "Ifthain-
cident rays are div t, where will be the focus? Ifthe incident
Tays are convergent, w will be the focus ?
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revious convergeney, théy are Fig. 155.
rought together at a less distance

than the principal focus, and meet

até

0.

The images of objects reflected
by a convex mirror, we have seen,
are smaller than the objects them-
selves. But the concave mirror,
when the object is nearer to it than
the principal focus, presents the
image larﬁer than the object, erect, .

- and behind the mirror.

To explain this, let us suppose the object a, fig. 156, to
be placed before the mirror, and nearer to it than the prin-
cipal focus. Then the Fig. 166.
rays proceeding from
the extremities of the
object without inter-
ruption, would con-
tinue to diverge in the
lines o and n, as seen
behind the mirror; but,
by reflection, they are
made to diverge less
than belfore, amIi‘ col:n-

uently to make the
:zqgle u);der which e‘
they meet more obtuse |
at the eye b, than it
would be if they continued onward to ¢, where they would
have met without reflection. The result, therefore, is to
render the image &, upon the eye, as much larger than the
oll)ject a, as the angle at the eye is more obtuse than the an-

eat e
8 677. On the contrary, if the object is placed more remote
from the mirror than the principal focus, and between the
focus and the centre of the sphere of which the reflector is
a .fm’ then the image will appear- inverted on the contrary
side of the centre, and farther from the mirror than the ob-
ject; thus, if a lamp be placed obliquely before a concave

‘When will the image from a concave mirror be larger than the ob-
ject, erect, and behind the mirror ? Ex%n fig. 156, and show why
the image is larger than the object. en will the image from the
concave mirror be inverted, and before the murror
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mirror, as in ' " Fig. 157.
1ig. 157, its im-

age will be seen

inverted in the

air, on the con-

trary side of

a perpendicular

line throughthe

centre of the

mirror. ,

678 From the property of the concave mirror to form
an inverted image of the object suspended in the air, many .
curious and surprising deceptions maz be produced. Thus,
when the mirror, the object, and the light, are placed so
that they cannot be seen, (which may be done by placing a
screen before the light, and permitting the reflected rays to
pass through a small aperture in another screen,) the person
mistakes the image of the object for its reality, and not un-
derstanding the deception, thinks he sees persons walking
with their heads downwards, and cups of water turned bot
tom upwards, without spilling a drop. Again, he sees clus-
ters of delicious fruit, and when invited to help himself, on
reaching out his hand for that purpose, he finds that the ob-
ject either suddenly vanishes from his sight, owing to his
having moved his eye out of the proper range, or that it is
intangible. o

This kind of deception may be illustrated by any one
who has a concave mirror only of three or four inches in
diameter, in the following manner:

Suppose the tumbler a, to be filled with water, and placed

‘beyond the principal focus of the concave mirror, fig. 158,

and so managed as to be hid from the eye ¢, by the screen
b. The lamp by which the tumbler is illuminated must also
be placed behind the screen, and near the tumbler. To a
person placed at ¢, the tumbler with its contents will appear
inverted at ¢, and suspended in the air. ~ By carefully mov-
ing forward, and still keeping the eye in the same line with
Tespect to the mirror, the person may pass his hand through
the shadow of the tumbler ; but without such conviction, any
one unacquainted with such things, could hardly be madeto -
believe that the image was not a reality. ‘
‘What pro i which sin, d

tions ma;) bep:)':gdgzzdt'}le ';‘?l'::: V:“m:;;(;:, (ll)eyceptl.lil::a '!l ﬁ“el:clx"ibew?l;o
manner in which a tumbler with its contents may be made to seem in-
verted in the air. ) .
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*  Fig. 188

By placing another screen between the mirror and the
image, and permitting the converging rays to pass through
an aperture In it, the mirror may be nearly covered from the
eye, and thus the deception would be increased.

679. The image reflected from a concave mirror, moves
in the same direction with the object, when the object is
within the principal focus; but when the object is more re-
mote than the principal focus, the image moves in a contra-
ry direction from the -object, because the rays then cross
each other. Ifa man place himself directly before a large
concave mirror, but farther from it than the centre of con-
cavity, he will see an inverted image of himself in the air,
between him and the mirror, but lessthan himself. And if
he hold out his hand towards the mirror, the hand of his’
image will come ‘out toward his hand, and he may imagine
that he can shake hands with his image. But if he reach
his hand further towards the mirror, the hand of the image
will pass by his hand, and come between his hand and his
body; and if he move his hand toward either side, the hand
of the image will move in a contrary direction, so that if thee
object moves one way, the image will move the other.

680. The convave mirror having the property of con-
verging the rays of light, is equally efficient in concentra-
ting the rays of heat, either separately, or with the light.
When, therefore, such a mirror is presented to the rays of
the sun, it brings them to a focus, soasto produce degrees .
of heat in proportion to the extent and perfection of its re-

ecting surface. A metallic mirror of this kind, of only

‘Why does the image move in a cont direction from its object,
when the object is beyond the principal focus? Will the concave
mirror concentrate the rays of heat, as well as those of light %
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g;ur 3:0 six inches in diameter, will fuse metals, sct wood on
re, &c. :
681. As the parallel rays of heat or light are brought to
s focus at the distance of one quarter of the diameter of the
sphere, of which the reflector is a section, so if a luminous
or heated body be placed at this point, the rays from such
body passing to the mirror will be reflected from all parts
of its surfate, in parallel lines ; and the rays so reflected,
by the same law, will be brought to a focus by another mir-
ror standing opposite to this. . .
. Fig. 159.

Suppose a red hot ball to be placed in the principal focus
of the mirror a, fig. 159, the rays of heat and light proceed-
ing from it will be reflected in the parallel lines. 1,2 3,
&c. The reason of this is the same as that which causes
parallel rays, when falling on the mirror, to be converged
to a focus. The angles of incidence being equal to those
of reflection, it makes no difference in this respect, whether
the rays pass to or from the focus. In one case, parallel
incident rays from the sun, are concentrated by reflection;
and in the other, incident diverging rays, from the heat
ball. are made parallel by reflection.

The rays therefore, flowing from the hot ball to the mir-
ror a, are thrown into parallel lines by reflection, and these
reflected rays, in respect to the mirrer b, become the rays
of incidence, which are again brought to a focus by reflec-
tion. .

Suppose a luminous body be placed in the focus of a concave mir-

ror, in what direction will its rays be reflected? Explain fig. 159, and
shovbv why the rays from the focus of @ are concentrated in the fo-
cus b
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. Thus the heat of the ball, by being placed in the focus of
ope mirror, is brought to a g)cus by the reflection of the
other mirror. '

Several striking experiments may be made. with a pair
of concave mirrors placed facing each other, as in the figure.
Ifa red hot ball be placed in the focus of 4, and some gun-
¥owder in the focus of &, the mirrors being ten or twent
eet apart, according to their dimensions, the powder will
flash by the heat of the ball, concentrated by the second
mirror. To show that it is not the direct heat of the ball .
which sets fire to the powder, a paper screen may be placed
between the mirrors until evexy thing is ready. The oper-
ator will then only have to remove the screen, in order to
fiash the powder.

To show that heat and light are separate principles, place
a piece of phosphorus in the focus of 4, and- when the ball
is 80 cool as not to be luminous, remove the screen, and the
phosphorus will instantly inflame.

REerrAcTION BY LENSES.

.682. A Lens is a transparent body, generally made of
glass, and so shaped that the rays of light in passing through
it are either collected together or dispersed. Lens is a
Latin word, which comes from lentile, a small flat bean.

It has already been shown, that when the rays of light
ass from a rarer to a denser medium, they are refracted, or

nt out of their former course, except when they happen
to fall perpendicularly on the surface of the medium.

The point where no refraction is produced on perpendi-
cular rays, is called the azis of the lens, which is a right
line passing through its centre, and perpendicular to both
its surfaces.

In every beam of light, the middle ray is called its azis.

Rays of light are-said to fall directly upon a lens, when
their axes coincide with the axesof the lens; otherwise they
are said to fall obliquely. '

The point at which the rays of the sun are collected, by
maing through a lens, is cnl}]’ed the principal focus of that

8.

What curious experiments min_{ be made by two concave mirrors
rlu:ed opposite to each other? How mf it be shown that heat and
iﬁl\t are distinct principles? Whatisalens? What is the axis of
alens? In what part of a lens is no refraction produced ? Where is
the axis of a heam of light? When are rays of light said to fall di-
rectly upon & lens 1 17
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683. Lenses are of various kinds, and have received cer-
tain names, depending on their shapes. The different kinds
are shown at fig. 160. :

Fig. 160.

—P

A prism, seen at a, has two plane surfaces, a r,and a s,
inclined to each other.

A plane glass, shown at b, has two plane surfaces, paral-
lel to each other. ‘

A spherical lens, ¢, is a ball of glass, and has every part
of its surface at an equal distance from the centre.

A double concave lens, d, is bounded by two convez sur-
faces, opposite to each other.

A plano-concave lens, e, is bounded by a convex surface
on one side, and a plane on the other. .

A double-concave lens, f, is bounded by two concave spher-
ical surfaces, opposite to each other.

A plano-concave lens, g, is bounded by a plane surface
on one side, and a concave one on the other. :

A meniscus, h, is bounded by one concave and one convex

* spherical surface, which two surfaces meet at the edge of
_ the lens. ) '

A concavo-convez lens, i, is bounded by a concave and
convex surface, but which diverge from each other, if con-
tinued.

The effects of the prism on the rays of light will be shown
in another place. The refraction of the plane glass, bends
the parallel rays of light equally towards the perpendicular,
as already shown. The sphere is not often employed as a
lens, since it is inconvenient in use.

684. ConvEx LENS. It has been shown 1n a former part
of this article, that when a ray of light passes obliquely out
of a rarer into a denser medium, it is refracted, or turned
out of its former course. )

_ Suppose, then, there is presented to the rays of light, a

How many kinds of lenses are mentioned ? What is the name of
each? How arc each of these lenses bounded ? )
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prece of glass, with its surface so shaped, that ail the rays,
except those which pass through its axis, are refracted to-
wards the perpendicular, it is obvious that they would all
nnally meet the perpendicular ray, and there form a focus.

685." The focal distances of convex lenses, depend on their
tegrees of convexity. The focal distance of a single, or
piano-convex lens, is the diameter of a sphere, of which it
'8 a section.

If the whole circle, Fig. 161.
dg. 161, be considered
ihe circumference of a Y 3
sphere, of which the Pla-
no-convex lens, b a,isa
secti?]n. then the focus ofc
parallel rays, or the prin
cipal focus, will be al: the
opposite side of the
sphere, or at c. @

686. The focal dis-
tance of a double convex lens, is the radius, or half the diam-
eter of the sphere of which it isas:rt. Hence the plano-
convex lens, being one half of the double convex lens, the
Iatter has about twice the refractive power of the former;
for the rays suffer the same degree of refraction in passing
out of the one convex surface, that they do in passing into
the other. .

The shape of the dou- Fig. 163.
ble convex lens, d ¢, fig.
162, is that of two plano-
convex lenses, placed
with their plane surfaces
in contact, and conse-
quentlythe focal distance
of this lens is nearly the
centre of the sphere of
which one of its surfaces
is a part. If parallel
rays fall on a convex
lens, it is evident that the ray only, which penetrates the
axis and passes towards the centre of the sphere, will pro-

On what do the focal distances of convex lenses depend? What is
the focal distance of any plano-convex lens? What is the focal dis-
tance of the double convex lens? _What is the shape of the
eonvex lens : -
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ceed without refraction, as shown in the above figures. All
the others will be refracted so as to meet the perpendicular
ray at a greater or less distance, depending on the convexity
of the lens. .
687. If diverging rays fall on the surface of the same
lens, they will, by refraction, be rendered less divergent,
rallel or convergent, according to the degrees of their
ivergency, and the convexity of the surface of the lens.
Thus, the diverg- . Fig. 163.
ing rays 1, 2, &ec.
. 163, are re-
fracted by the lens
a o, in a degree just
sufficient to render '
them parallel, and
therefore  would

{mss off in right

ines, indefinitely,
or without ever
forming a focus. .

688. It is obvious by the same law, that were the rays
less divergent, or were the surface of the lens more convex,
the rays in fig. 163 would become convergent, instead of
paralle], because the same refractive power which would
render divergent rays parallel, would make parallel rays
convergent, and converging rays still more converg‘ent.

Thus the pencils of converging rays, Fig. 164.
fig. 164, are rendered still more conver-
gent by their passage through the lens,
and are-therefore brought to a focus
nearer the lens, in proportion to their
previous convergency.

689. The eye glasses of spectacles
for old people are dgouble convex lenses,
more or less spherical, according to the
age of the person, or the magnifying
power required.

The common burning glasses, which are used for light-
ing cigars, and sometimes for kindling fires, are also convext

- lenses. Their effect is to concentrate to a focus, or point,
the hent of the sun which falls on their whole surface; and

How are divergent rays affected by passing through a convex lens %
‘What is its effect on parallel rays ? . What is its effect on converging
rays? What kind of lenses are spectacle glasses for old-people3 .
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hence the 1ntensity or' their effects is in proportion to the
extent of their surfaces, and their focal lengths.

One of the largest burning glasses ever constructed, was
made by Mr. Parker, of London. It was three feet in diam-
eter, with a focal distance of three feet nine inches. But
in order to increase its power still more, he employed ano-
ther lens about a foot in diameter, to bring its raystoa
smaller focal point. This apparatus gave a most intense
degree of heat, when the sun was clear, so that 20 grains
of gold were melted by it in 4 seconds, and ten grains of
platina, the most irfusible of all metals, in 3 seconds.

690. It has been explained, that the reason why the con-
vex mirror diminishes the images of objects is, that the rays
which come to the eye from the extreme parts of the object
are rendered less convergent by reflection, from the convex
surface, and that, in consequence, the angle of vision is made
more acute.

Now, the refractive power of the convex lens has exactly
the contrary effect, since by converging the rays ﬁowines
from the extremities of an object, the visual angle is render
more obtuse, and therefore all objects seen through it appear
magnified. .

Suppose the object g, fig. Fig. 165.

165, appears to the naked ¢
eye of the length represented

in the drawing. Now, as ¢
the rays coming from each ,
end of the object, form, by
their convergence at the eye, the visual angle, or the angle
under which the object is seen, and we cu]fobjects large or
small, in proportion as this angle is obtuse or acute, if there-
fore the object a be withdrawn further from the eye, it is
apparent that the rays o, o, proceeding from its extremities,
will enter the eye under a more acute angle, and therefore,
that the object will appear diminished in proportion. This
is the reason why things at a distance appear smaller than
when near us. When near, the visual angle is increased,
and when at a distance, it is diminished.

What is said to be the diameter of Mr. Parker's great
‘What is the focal distance of this lens? What i: 5:;4‘ o‘:‘oli‘me:."::
power? What is the visual angle? Why does the same object,
wnen at a distance, appear smaller than when near ?

17
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691. The effect of the convex lens is Fig. 166.
to merease the visual angle, by bending
the rays of light coming from the object,

80 as to make them meet at the eye more

obtusely; and hence it has the same ef-

fect, in respect to the visual angle, as 4

bringing the object nearer the eye. This

is shown by fig. 166, where it is obvious,

thatdid the rays flowing from the extrem-

ities of the arrow meet the eye without :
refraction, the visual angle would be lesd, and therefore the
object would arpegr shorter. Another effect of the convex
lens, is to enable us to see objects nearer the eye, than with-
out it, as will be explained under the article vision.

Now, as the rays of light flow from all parts of a visible
object of whatever s_baﬂe, so the breadth, as well as the
length, is increased by the convex lens, and thus the whole
object appears magnified. . ’

692. CoNcave LENs.—The effect of the concave lens is
directly opposite to that of the convex. In other terms, by
a concave lens, parallel rays are rendered diverging, con-
verging rays have their convergency diminished; and di-
verging rays have their divergency increased, according to

the concavity of the lens.
* These glasses, therefore, exhibit things smaller than they
really are, for by diminishing the convergence of the rays
coming from the extreme points of an object, the visual an-
le is rendered more acute, and hence the object appears
iminished by this lens, for the opposite reason that it is
increased by the convex lens. This will be made plain by
the two following diagrams, :

Suppose the object a b, fig. Fig. 167.

167, to be placed at such a diss -
tance from the eye, asto give
the rays flowing from it, the
degrees of convergence repre-
sented in the figure, and sup- €
pose that the rays enter the e
under such an angle as to make
the object appear two feet in
length.

‘What 13 the effect of the tonvex lens on the visual angle? Why
does an object appear larger through the convex lens than otherwise
‘What is the effect of the concave lens ? What effect does this lens have
upon parallel, dive ing, and converging rays? Wby do objects ap
pear smaller through this glass than they do o the naked cyc?
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Now, the length of the same Fig. 168,
object, seen through the concave
lens, fig. 168, will appear dimin-
ished, because the rays coming
from it are bent outwards, or
made less ~onvergent by refrac- -
tion, as scen in the figure, and
consegrently the visual angle is
more * zute than when the same object is seen by the naked
eye. [ts length, therefore, will appear less, in proportion
as tke rays are rendered less convergent.
The spectacle glasses of short-sighted people are concave
leases, by which the images of objects are formed farther
Tack in the eye than otherwise, as will be explained under
he next article, . :

. VisioN.

693. In the application of the principles of optics to the
:xplanation of natural phenomena, it is necessary to give a
lescription of the most perfect of all optical instruments, .
‘he eye.

694. Fig. 169 is a
rertical section of the
naman eye. Its form
is nearly globular, with
a slight projection or
elongation in front. It
consists of four coats,
or membranes; name-
ly, the sclerotic, the
cornea, the cioroid, and
the retina. ~ It has two
fluids confined within
these membranes, called the aqueous, and the vitreous hum-
ours, and one lens, called the crystalline. The sclerotic
coat is the outer and strongest membrane, and its anterior
part is well known as the white of the eye. This coat is
marked in the figure 4, a, 4, a. It is joined to the cornea,

Fig. 169.

Explain figures 167 and 168, and show the reason why the same ob-
Ject appears smaller h 168. 'What defect in the eye requires con-
cave lenses? What is most gberfecz of all optical instruments ¥
"What is the form of the human eye I How many coats, or membranes,
has the eye? What are they called? How many fluids has the em
and what are they called? What is the lens of the eye called? W
¢coat forms the white of the eye? '
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b, b, which is tne transparent membrane in front of the eye,
through which we see. The choroid coat is a thin, deli-
cate membrane, which lines the sclerotic coat on the inside.
On the inside of this lies the retina, d, d, d, d, which is the
innermost coat of all, and is an expansion, or continuation,
of the optic nerve 0. This expansion of the optic nerve is
the immediate seat of vision. The iris, o, 0, is seen through
the cornea, and is a thin membrane, or curtain, of different
colours in different persons, and therefore gives colqur to
the eyes. In black eyed persoss it is black, in blue eyed

rsons it is blue, &c. Throughthe iris, is a circular open-
ing, called the pupil, which expands or enlarges when the
light is faint, and contracts when it is too strong. The space
between the iris aud the cornea is called the anterior chamber
of the eye, and is filled with the aqueous humour, so called
from its resemblance. to water. Behind the pupil and iris
is situated the crystalline lens ¢, which is a firm and per-
fectly transparent body, through which the rays of light
pass from :ﬁ: pupil to the retina.  Behind the lens is situa-
ted the postersor chamber of the eye, which is filled with
the vitreous Aumour, v, v. This humour occupies much
the largest portion of the whole eye, and on it depends the
shape and permanency of the organ. '

695. From the above description of the eye, it will be
easy to trace the progress of the rays of light through its
several parts, and to explain in what manaer vision is per-
formed.

In doing this, we must keep in mind that the rays of light
r‘roceed from every part and point of a visible object, as

eretofore stated, and that it is neccssarr only for a few of
the rays, when compared with the whole number, to enter
the eye, in order to make the object visible.

Thus, the object a b. fig. 170, being placed in the
light, sends forth pencils of rays in all possible direc-

Describe where the several coats and humours are situated. What
ig the iris? What is the retina ? ‘Where is the sense of vision? What
is the design of fig. 1707 What is said concerning the small number
of the razs which enter the eye from a visible object ? Explain the des,

sign of fig. 170,
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tions, some of which will
strike the eye in any posi-
tion where it is visible.s

These pencils of rays not
only flow from the points
designated in the figure, but
in the same manner from
every other point on the sur-
face of a visible object. To
render an object visible,
therefore, it is only neces-
sary that the eye should col-
lect and concentrate a suffi-
cient number of these rays on
the retina, to form its image\
there, and from this image
the sensation of vision is ex-
cited.

696. From the luminous body }, fig. 171, the pencils of
vays flow in all directions,;lmtlitlxs only by those which en-
ig. 171.

ter the pupil, that we gain any knowledge of il3 existence;
and even these would convey to the mind no distinct
idea of the object, unless they were refracted by the hu-
mours of the eye, for did these rays proceed in their natural
state of divergence to the retina, the image there formed
would be too extensive, and consequently too feeble to give
a distinct sensation of the object.

It is, therefore, by the refracting power of the aqueous
humour, and of the crystalline lens, that the pencils of rays
are so concentrated as to form a perfect picture of the object
on the retina.

‘We have already seen, that when the rays of light are
made to cross each other by reflection from the concave mir-

‘Why would not the rays of light give a distinct idea of the objeet,
'Mrefmﬁonbytho{mmlogthoeyﬂ ’ .
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ror, the image of the object is inverted ; the same happens:
when the rays are e to cross each other by refraction
through a convex lens. . This, indeed, must be a necessary
consequence of the intersection of the rays: for, as light

roceeds in straight lines, those: rays which come from the
rower pa:t of an object, on crossing those which come from
its upper part, will represent this tﬁm’t of the picture on the
upper half of the retina, and, for the same reason, the upper
part of the object will be painted on the lower part of the
retina. ~ -

697. Now, all objects are represented on the retina in an
inverted ition ; that is, what we call the upper end of a
vertical oll));;t, is the lower end of its picture on the retina,
and so the contrary.

This is readily Rxoved by taking the eye of an ox, ana
cutting away the sclerotic coat, so as to make it transparent
on,the back part, next the vitreous humour. If now a piece
of white paper be placed on this part of the eye, the images
of objects will appear figured on the paper in an inverted
position. The same effect will bc:froduced on looking at
thinegi through an eye thus prepared; they will appear in-
vert

"The actual position ofthe vertical object 4, fig. 172, as
painted on the retina, is therefore such as is represented by
the figure. : i
The rays Fig. 1.
from its up-
per extremi-
ty, coming ¢
in divergent
lines, are con-
verged by the o
crystalline
lens, and fall
on the retina at o ; while those from its lower extremity, by
the same law, fall on the retina at <. ,

698. In order that vision may be perfect, it is necessary
that the images of objects should be formed precisely ox
the retina, and consequently, if the refractive power of the
eye be too small, or too great, the image will not fall ex.

Explain how it is that the im of objects are inverted on_the ret-
ina.  What exg;imem roves:ﬁ: the images of objects are inverted
on the retina? Explain fig. 172. Su poutf:mfrw.ive power of the
eye is too great, or too little, why will vision be imperfeot
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on the seat of vision, but will be formed either before,
or tend to form behind it. In both cases, perhaps, an out-
line of the object may be visible, but it will be confused and
indistinct.

699. If the cornea is too convex, or prominent, the image
will be formed before it reaches the retina, for the same rea-
son, that of two lenses, that which is most convex will have
the least focal distance. Such is the defect in the eyes of
persons who are short sighted, and hence the necessity of
their bringing objects as near the eye as possible, o as to
make the rgys converge at the greatest distance behind the
crystalline lens.

The effect of uncommon convexity in the cornea on the
rays of light, is shown at fig. 173, where it will be ob-

Fig. 173.

gerved that the image, instead of being formed on the retina
1, is suspended in the vitreous humour, in consequence of
there being too great a refractive power in'the eye. It is
hardly necessary to say, that in this case, vision must be
very imperfectly performed.

his defect of sight is remedied by spectacles, the glasses
of which are concave lenses. Such glasses, by rendering
the rays of light less convergent, before they reach the. eye,
counteract the too great convergent power of the cornea and
lens, and thus throw the image on the retina.

700. If, on the contrarv, the humours of the eye, in con-
sequence of age, or.tuy other cause, have become less in
zuantity than ordinary, ne eyeball will not be sufﬁcieng‘y

istended, and the cornea will become too flat, or not suffi-
ciently convex, to make the rays of light meet at the proper
place, and the image will therefore tend to be formed be-

. If the cornea is too convex, where will the image be formed 7 How
i3 the sight improved, when the cornea is too convex? How do such
act to improve the sight? Where do the rays tend to meet when
toe cornca is not sufficiently convex 1
.
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ond the Tetina, instead of before it,'as in the other case.
ilence, aged people, who labour under this defect of vision,
cannot see distinctly at ordinary distances, but are obliged
to remove the object as far from the eye as possible, so as to
nake its refractive power bring the image within the seat
of vision.
The defect arising from this cause is represented by fig:
ure 174, where it will be g‘l_)sei;:d that the image is formed
ig. 174..

behind the retina, showing that the convexity of the cornea
is net sufficient to bring the image within the seat of dis-
tinct vision. This imperfection of sight is common to aged
persons, and is corrected in a greater or less degree by
double convex lenses, such as the common spectacle glasses.
Such glasses, by causing the rays of light to converge, be-
fore they meet the eye, assist the refractive power of the
crystalline lens, and -thus bring the focus, or image, within
the sphere of vision.

701. It has been considered difficult to account for the
reason why we see objects erect, when they are painted on
the retina inverted, and many learned theories have been
written to explain- this fact. But it is most probable that
this is owing to habit, and that the image, at the bottom of
the eye, has no relation to the terms above and below, butto
the position of our bodies, and other things which surround
us. The term perpendicular, and the idea which it con-
veys to the mind, is merely relative ; but when applied to an
object supported by the earth, and extending towards the
skies, we call the body erect, because it coincides with the
position of our own bodies, and we see it erect for the same
reason. Had we been taught to read by turning our books
upside down, what we now call the upper part of the book

How is vision assisted when the eye wants convexity? How
do convex lenses help the sight of aged people? "Why do we see things
erect, when the images are inverted on the retina %
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would have been its under part, and that reading would have
been as easy in that position as in any other, is plain from
the fact that printers read their types, when set up, as rea-
dily as they do its impressions on paper.

702. Angle of Vision—The angle under which the rays
of light, coming from the extremities of an object, cross each
other at the eye, bears a proportion direcily to the length,
and inversely to the distance of the object.

Suppose the object a b, fig. 175, to be four feet long, and
0 be placed ten feet from the eye, then the rays flowing
from its extremities, wouldF int;arsect each other at the eye,

ig. 175.

c a

@ b
under a given angle, which will always be the same when
the object is at the same distance. If the object be gradu-
ally moved towards the eye, to the place ¢ d, then the angle
will be gradually increased in quantity, and the object will
appear larger, since its image on the retina will be increas-
ed in length in the proportion as the lines ¢ ¢ are wider apart

-than 0 0. Onthe contrary, were a b removed to a greater dis-

tance from the first position, it is obvious that the angle
would be diminished in proportion. _

The lines thus proceeding from the extremities of an ob-
iect, and representing the rays of light, form an angle at the
eye, which is calleg the visual angle, or the angle under
which things are seen. These lines a n b, therefore,
'.()l'l‘lil one visual angle, and the lines ¢ » d another visual
ungle.

We see from this investigation, that the apparent magni-
-aude of objects depending on the angles of vision, will vary
tccording to their distances from the eye, and that these
magnitudes diminish in a proportion inversely as their dis-

‘What is the visual angle? How may the visual angle of the same
abject be increased or diminished ? 'When do objects of different mag
aitades form the same visual angle ?
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tances increase. We learn, also, from the same principles,
that objects af different magnitudes may be so placed, with
respect to the eye, as to give the same visual angle, and
thus to make their apparent magnitudes equal. Thus the
three arrows, a, ¢, and m, though differing so much in
length, are all seen under the same visual angle.

703. Intheapparent magnitude of objects seen through a
lens, or when their images reach the eye by reflection from
a mirror, our senses are chiefly, if not entirely, guided by
the angle of vision. In forming our judgment of the sizes
of distant objects, whose magnitudes were before unknown,
we are also guided more or less by the visual angle, though
in this case we do not depend entirely on the sense of vision.
Thus, if we see two balloons floating in the air, one of which
is larger than the other, we judge of their comparative mag-
nitudes by the difference in their visual angles, and of their
real magnitudes by the same angles, and the distance we
suppose them to be from us. :

ut when the object is near us, and seen with the naked
eye, we then judge of the magnitude by our experience, and
not entirely by the visual angle. Thus, the three arrows,
a, ¢, m, fig. 175, all of them make the same angle on the
ei'e' and yet we know, by further examination, that they are
all of different lengths. And so the two arrows a b, and ¢
d, though seen under different visual angles, will appear of
the same size, because experience has taught us that this
difference depends only on the comparative distance of the
two objects.

704. As the visual angle diminishes inversely in propor-

ien the dis-

tance js so great as to make the angle too minute to be per-

ceptible to the eye, then the object becomes invisible. Thus,

when we watch an eagle, flying from us, the angle of vision

is gradually diminished, unti] the rays proceeding from the

- bird form an image on the retina too small to excite sensa-.
tion, and then we say the eagle has flown out of sight.

The same principle holds with respect to objects which

are near the eye, but are too small to form an image on the

retina which is perceptible to the senses. Such objects, to.

Explain ﬁe 175. Under what circumstances is our sense of vision
guided entircly by the visual angle? How do we judge of the mag-
nitudes of distant objects? How do we judge of the comparative siza
of :)}!:iects”near us?  When does a retreating object become invisible
to the eye . :
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w.e naked eye, are of course invisible, but when the nsual
aagle is enlarged, by means of a couvex lens, they become
wisible; that is, their images on the retina excite sensation.
705. The actual size of an image on the retina, capable
of exciting sensation, and consequently of producing vision,
may be too small for us to appreciate by any of our other
senses ; for when we consider how much smaller the image
must be than the object, and that a human hair can be dis-
tinguished by thé naked eye at the distance of twenty or
thirty feet, we must suppose that the retina is endowed with
the most delicate sensibility, to be excited by a cause so mi-
pute. It has been estimated that the image of a man, on the
retina, seen at the distance of a mile, is not more than the
five thousandth part of an inch in length. - ‘
706. On the contrary, if the object be brought too near
the eye, its image becomes confused and indistinct, because
the rays flowing from it, fall on the crystalline lens in a
state too divergent to be refracted to a focus on the retina. -
This will be apparent Fig. 176.
by fig. 176, where we
suppose that the. object a,
is brought within an inch
or two of the eye, and that
the-rays proceeding from
it enter the pupil so ob-
liquely as not to be re-
fracted by the lens, so as
to form a distinct image.

" Could we see’ objects' distinctly at the shortest distance,
we should be able to examine things that are now invisible,
since the visual angle would then be increased, and conse-
quently the image on the retina enlarged, in proportion as
objects were brought near the eye. .

This is proved by intercepting the most divergent rays;
in which case an object may be brought near the eye, an
will then appear greatly magnified. Make a small orifice,
as a pin-hole, through ‘a piece of dark coloured paper, and
then look through the orifice at small objects, such as the

How does a convex lens act to make us see objects which are invisi-
ble without it7 What is said of the actual size of an image on the ret-
ina? Why are objects indistinct, when brought too near the eye
Buppose objects could be seen distinetly within an inch or two of the

e, how would their dimensions be affected? How is it proved that
:{jecu placed near the eye are magnified? How does a small orifice
enable us to see an object distinctly near the eye?
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letters of a printed book. The letters will appear much
magnified. The rays, in this case, are refracted to a focus,
on the retina, because the small orifice prevents those which
are most divergent from entering the eye, so that notwith-
standing the nearness of the object, the rays which form the
image are nearly parallel. '

OptIicAL INSTRUMENTS.

707. Single Microscope—The principle of the single
microscope, or convex lens, will be readily understood, if
the pupil will remember what has been said on the refrac-
tion of lenses, in counexion with the facts just stated. For,
the reason why objects appear magnified through a convex
lens, is not on{y because the visual angle is increased, bt
because when brought near the eye, the diverging rays from
the object are rendered parallel by the lens, and are thus
thrown into a condition to be brought to a focus in the pro-
per place by the humours.

Let a, fig. Fig. 177.

177, be the dis-
tance at which
an object can
be seen dis-
tinctly, and J,
the  distance } g
at which the
same object is seen through the lens, and suppose the dis-
tance of a, from the eye, be twice that of &. hen, because
the object is at half the distance that it was before, it will
appear twice as large; and bad it been seen one third, one
fourth, or one tenth its former distance, it would have been
magnified three, four, or ten times, and consequently its sur
face would be increased 9, 16, or 100 times.

708. The most powerful single microscopes are made of
minute globules otPo glass, which are formed by melting the
ends of a few threads of spun glass in a candle. Small
globules of water placed in an orifice through a piece of
tin, or other thin substance, will also make very powerful
microscopes. In these minute lenses, the focal distance is
only a tenth or twelfth part of an inch from the lens, and

‘Why does a convex lers make an object distinct when near the eys}l
E:sla%n fig. 177. How are the most powerful single microscopes

(] .
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therefore the eye, as well as the object to be magnitied, must
be brought very near the instrument.

709. The Compound Microscope consists of two convex
lenses, by one of which the image is formed within the tube
of the ‘instrument, and by the other this image is magnified,
as seen by the eye; so that by this instrument the object it-
gelf is not seén, as with the single microscope, but we see
only its magnified image.

The small lens placed near the object, and by which its
image is formed within the tube, is called the object glass,
. while the larger one, through which the image is seen, is
called the eye glass. .

This arrangement is represented at fig. 178. The object
a is placed a little beyond the focus of the object glass b, by
which an inverted and enlarged image of it is formed withia
the instrument at ¢.  This imt:lge is seen through the eye

Fig. 178.

a

glass d, by which it is again magnified, and it is at last
figured on the retina in its original position.

Theseaflasses are set in acase of brass, the object glass
being made to take out, o that others of different magnify-
ing powers may be used, as occasion requires.

710. The Solar Microscope consists of two lenses, one
of which is called the condenser, because it is employed to
concentrate the rays of the sun, in order to illuminate more
strongly the object to be magnified. The other is a double
convex lens, of considerable magnifying power, by which
the image is formed. In addition to these lenses, there is a
plain mirror, or piece of common looking glass, which can

How many lermses form the compound microscope ? Which is the obe
ject and which the eye glass? Is the objert seen with this instrument,
or only its image 1 lain fig. 178, and show where the image is
formeg in this tube. How many lenses has the solar microscope
‘Why is one of the lenses of the solar microscope called the condenser 1
Describe the uses of the two lenses ana tee 'ngl‘ ’

18+
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be moved in any direction, and which reflects the raysof the
sun on the condenser.

The object a, fig. 179, being placed nearly in the focus of
the condenser b, is strongly illuminated, in consequence

of the rays of the sun being thrown on b, by the mirror c.
The object is not placed exactly in the focus of the conden-
ser, because, in most cases, it would be soon destroyed by its
heat, and because the focal point would illuminate only a
small extent of surface, but may be exactly in the focus of
the small lens d, by which no such accident can happen.
The lines o o, represent the incident rays of the sun, which
are reflected on tﬂe condenser.

When the solar microscope is used, the room is darkened,
the only light admitted being that which is thrown on the
object by the condenser, which light passing through the
small lens, gives the magnified shadow e, of the small object
a, on the wall of the room, or on a screen. The tube con-
taining the two lenses is passed through the window of the
room, the reflector remaining outside.

In the ordinary use of this instrument, the object itself is
not seen, but only its shadow on the screen, and it is ndt de-
signed for the examination of opaque objects.

711. When the small lens of the solar microscope is
of great magnifying power, it presents some of the most
striking and curious of optical phenomena. The shadotrs
of mites from cheese, or figs, appcar nearly two feet in
length, presenting an appearance exceedingly formidable
and disgusting ; and the insects from common vinegar ap-

r eight or ten feet long, and in perpetual motion, resem-
ling so many huge serpents.

Is the object, or only the shadow, seen by this instrument ?
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TELESCOPE.

712. The Telescope is an optical instrument, employed to
view distant bodies, and, in effect, to bring them nearer the
eye, by increasing the apparent angles under which such
objects are seen.

These instruments are of two kinds, namely, refracting
and reflecting telescopes. In the first kind, the image of the
object is seen with the eye directed towards it; in the sec- &
ond kind, the image is seen by reflection from a mirror,
while the back is towards the object, or by a double reflec-
tion, with the face towards the object. .

The telescope is the most important of all optical instru-.
ments, since it unfolds the wonders of other worlds, and
gives us the means of calculating the distances of the heav-
enly bodies, and of explaining tgeir phenomena for astro-
nomical and nautical purposes. '

The principle of the telescope will be readily compre-
hended after what has been ‘said concerning the compound
microscope, for the two instruments differ chiefly in respect
to the place of the object lens, that of the microscope having
a short, while that of the telescope has a long, focal distance.

713. REFrAcTING TELEscopE.—The most simple re-
fracting telescope consists of a tube, containing two convex
lenses, the one having a long, and the other a short, focal
distance. (The focal distance of a double convex lens, it
will be remembered, is nearly the centre of a sphere, of
which it isa part.) These two lenses are placed in the
tube, at a distance from each other equal to the sum of their
two focal distances.

Fig. 180.

@

Thus, if the focas of the object glass a, fig. 180, be exght
inches, and that of the eye glass 3, two inches, then the dis-

‘What is a telescope? How many kinds of telescopes are mention- .
ed? What is the difference between them? In what respect does the
refracting telescope differ from the compound microscoﬁ ? Howis
the most simple refracting telescope formed 3 Which is the object, and
which the eye lens, in fig. 1807 * What is the rule by which the dis-
tance of the two glasses apart is found ?
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sance of the sums of the foci will be ten inches, and, there
fore, the two lenses must be placed ten inches apart; and
the same rule is observed, whatever may be the focal lengtha
of any two lenses.

" Now, to understand the effect of this arrangement, sup-
pose the rays of light, ¢ d, coming from a distant object, as
a star, to fall on the object glass 4, in parallel lines, and to
be refracted by the lens to a focus at ¢, where the image of
the star will be represented. This image is then magnified
by the eye glass b, and thus, in effect, is brought near the
eye. .
y714. All that is effected by the telescope, therefore, is to
form an image of a distant object, by means of the object
lens, and then to assist the eFe in viewing this image as
nearly as possible by the eye lens.

"It is, however, necessary here to state, that by the last
figure, the principle only of the telescope is intended to be
explained, for in the common instrument, with only two
glasses, the image appears to the eye inverted. -

The reason ogthis will be seen by the next figure, where
the direction of the rays of light will show the position of
the image.

: Fig. 181

a 4 d

Sugpose a, fig. 181, to be a distinct object, from which
ncils of rays flow from every point toward the object lens
. The image of a, in consequence of the refraction of
the rays by the object lens, is inverted at ¢, which is the fo-
cus of the eye glass d, and through which the image is then
seen, still inverted. v ‘
-715. The inversion of the (Llject is of little consequence
when the instrument is employed for astronomical purposes,
for since the forms of the heavenly bodies are spherical,
their positions, in this respect, do.mot affect their general
appearance. But for terrestrial purposes, thisis manifestly a
- great defect, and therefore those constructed for such pur-

‘How do the two glasses act, to bring an object near the eye? Ex-
plain fig. 181, and show how the object comes to be inverted by the
two lenses 3} How is the inversion of the object corrected 7
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goses, as ship, or spy glasses, have two additional lenses,
y means of which, the images are made to appear in the
same position as the objects. These are called double tele-

scopes.
Fig. 182 . .

Such a telescope 18 represented at fig. 182, and consists
of an object glass @, and three eye glasses, &, ¢, and d. The
eye glasses are placed at equal distances fromn each other, so
that the focus of one.may meet that of the other, and thus
the image formed by the object lens, will be transmitted
through the other three lenses, to the eye. The rays coming

‘from the object o, cross each other at the focus of the object
lens, and thus form an inverted image at £ Thisimage be-
ing also in the focus of the firsteye glass, b, the rays baving
passed through this glass become parallel, for, we have
seen, in another place, that diverging rays are rendered par-
allel by refraction through a convexlens. The rays, there-’
fore, pass parallel to the next lens ¢, by which they are
made to converge, and cross each other, and thus the image
is inverted, and made to assume the original position of the
object 0. Lastly, this image, being in the focus of the eye

lass d, is seen in the natural position, or in that of the ob-
Ject. i

The appatent magnitude of the object is not changed by
these two additional glasses, but depends, as in fig. 182, on
the magnifying power of the eye and object lenses; the two
glasses being added merely for the purpose of making the
1mage appear erect. ‘

716. It is found that an eye glassof very high magnify-
ing power cannot be employed in the refracting telescope,
because it disperses the rays of light, so that the image be
tomes indistinet. Many experiments were formerly made

Explain fig. 182, and show why the two additional lenses make the
umage of the object erect. Does the addition of these two lenses make
uny difference with the apparent magnitude of the object? Wty cane
not a highly magnifying eye glass be used in the telescope?
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with a view to obviate this difficulty, and among these n
was found that increasing the foral distance of the object
.ens, was the most efficacious. But this was attended with
great inconvenience, and expense, on account of the length
of tube which this mode required. These experiments were,
however, discontinued, and the refracting telescope itself
chiefly laid aside for astronomical purposes, in consequence
_of the discovery of the reflecting telescope. -

717. RerLecTING TELESCOPE.—The common reflecting
telescope consists of a large tube, containing two concave re-
flecting mirrors, of different sizes, and two eye glasses. The
object is first reflected from the large mirror to the small
oue, and from the small one, through the two eye g
where it is then seen.

718. In comparing the advantages of the two instru- -

ments, it need only be stated, that the refracting telescope,
with a focal length of a thousand feet, if it could be used,
would not magnify distinctly more than a thousand times,
while a reflecting telescope, only eight or nine feet long, will
magnify with distinctness twelve hundred times.

: - Fig. 188.

~ 719. The principle and construction of the reflecting tele-
scope will be understood by fig. 183. Suppose the object o

to be at such a distance, that the rays of light from it passin

E:mllel lines, p p, to the great reflector 7 ». This reflector
ing concave, the rays are converged by reflection, and
cross each other at a, Ky which the image is inverted. The
rays then pass to the small mirror, , which being also con-
cave, they are thrown back in nearly parallel lines, and
having passed the aperture in the centre of the great mirror,
fall on the planoconvex lens e. By this lens they are re-

- What is the most efficacious means of increasing the power of the
refracting telescope 7 How many lenses and mirrors form the reflect-

ing telescope? What are the advantages of the reflecting over the re- -

fracting telescope? lain fig. 183, and show the course of the rays
from the object to mEge. &

.
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fracted to a fucus, and cross each other between e and 4, and
thus the image is again inverted, and brought to its original
position, or in the position of the object. The rays then,
passing the second eye glass, form the image of the object
on the retina.

The large mirror in this instrument is fixed, but the small
one moves backwards and forwards, by means of a .screw,
s0 as to adjust .the image to the eyes of different persons.
Both mirrors are made of a composition, consisting of sev-
eral metals melted together. . :

720. One great advantage which the reflecting telescope
possesses over the refracting, appears to be, that 1t admits of
an eye glass of shorter focal distance, and, consequently, of
greater magnifying power. The convex object glass of the
refracting instrument, does not form a perfect image of the
object, since some of the rays are dispersed, and -others co-
loured by refraction. This difficulty does not occur in the
reflected image from the metallic mirror of the refiecting
telescope, and consequently it may be distinctly seen, when
more highly magnified. . :

‘The instrument just described is called “ Gregory's tele-
scope,’ because some parts of the arrangement were invent-
ed by Dr. Gregory.

721. In the telescope made by Dr. Herschel, the object '
redected by a mirror, as in that of Dr. Gregory. But the
second, or small reflector, is not employed, the image being
seen through a convex lens, placed so as to magnify the
mmage of the large mirror, su that the observer stands with
his back towards the object.

The magnifying power of this instrament is the same as
that of Dr. Gregory’s, but the image appears brighter, be-
cause there is no second reflection ; for every reflection ren-
ders the image fainter, since no mirror is so perfect as to
throw back all the rays which falt upon its surface.

722. In Dr. HerscKel’s grand telescope, the largest ever
constructed, the reflector was 48 inches in diameter, and
had a focal distance of 40 feet. This reflector was three
and a half inches thick, and weighed 2000 pounds. Now,
since the focus of a concave mirror is at the distance of one

‘Why is the small mirror in this instrument made to move by means
of a screw? What is the advantage of the reflecting telescope in re-
spect to the eye glass? Why is the telescope with two reflectors called
(;Eory‘u telescope 7 How does this instrument differ from Dr. Her-
schel’s telescope T What was the focal distance and diameter of the
amirror in Dr. Herschel's great telescope
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half the semi-diameter of the sphere, of which it is a section
1. Herschel's reflector having a focal distance of 40 feer.
formed a part of a sphere of 160 feet in diameter.

This great instrument was begun in 1785, and finished
four years afterwards. The frame by which this wonder
to all astronomers was supported, having decayed, it was
taken down in 1822, and another of 20 feet focus, with a
reflector of 18 inches in diameter, erected in its place, by
Herschel's son. : '

The largest Herschel's telescope now in existence is that
of Greenwich observatory, in England. This has a con-
cave reflector of 15 inches in diameter, with a focal length
of 25 feet, and was erected in 1820. :

723. CamEera OBscura.—Camera obscura strictly signi-
lies a darkened chamber, because the room must be dark-
ened, in order to observe its effects.

To witness the phenomena of this instrument, let a room
be closed in every direction, so as to exclude the light.
Then from an aperture, say of an inch in diameter, admit a
single beam of light, and the images of external things, such
as trees, and houses, and persons walking the streets, will be
seen inverted on the wall opposite to where the light is admit-
“ted, or on a screen of white paper, placed before the aperture.

724. The reason why the image is inverted, will be ob-
vious, when it is remembered that the rays proceeding from
the extremities of the object must converge in order to pass .
through the small aperture ; andas the rays of light always
proceed in straight lines, they must cross each other at the
point of admission, as explained under the article Vision.

Thus, the Fig. 184.
pencil a, fig. -
" 184, coming I

.

from the up-
per part of the 2
tower, and

proceeding
b -~ I

straight, will
represent the 11
image of that .

. partat b, while - ‘ A
the lower pait - ¢

. Where is the largest Herschel’s telescope now in existence? What

ia the diameter and focal distance of the reflector of this telescope?

Describe the phenomena of the camera obscura. Why is the image
formed by the camera obscurs inverted ? .
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¢, for the same reason will be represented at d. If a con-
vex lens, with a short tube, be placed in the aperture
through which the light passes into the room, the images
of things will be much more perfect, and their colours more
brilliant.

725. This instrument is Fig. 185.
sometimes employed by paint- @
ers, in order to obtain an exact
delineation of a landscape, an
outline of the image -being ea-
sily taken with a pencil, when
the image is thrown on a sheet
of paper.

There are several modifica-
tions of this machine, and
among them the revolving ca-
mera obscura is the most in-
teresting. '

It consists of a small house,
fig. 185, with a plane reflect-€
or, a b, and a convex lens, ¢ b, |- 1r
placed at itstop. The reflect-
or is fixed at an angle of 45 degrees with the horizen, so as
to reflect the rays of light perpendicularly downwards, and
is 'made to revolve quite around, in either direction, by
pulling a string.

Now suppose the small house to be placed in the open
air, with the mirror, @ b, turned towards the east, then the
rays of light flowing from the objects in that direction, will
strike the mirror in the direction of the lines o, and be re-
flected down through the convex lens ¢ , to the table e ¢,
where they will form in miniature 2 most perfect and beau-
tifal picture of the landscape in that direction. Then, b
making the reflector revolve, another portion of the land-
scape may be seen, and thus the objects; in all directions,
can be viewed at & without changing the place of the in-
strument.

726. Macic LaNTeErN.—The Magic Lantern is a mi-
eroscope, on the same principle as the solar microscope.
But instead of being used to magnify natural objects, it is
commonly employed for amusement, by the casting shadows

How may an outline of the image formed by the camera obscura be
taken? Describe the revolving camera obscura. What is the magie
lantern? For what purpose is this instrument employed 3

19
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of small transparent paintings done on glass, upon a screen
placed at a proper distance;.‘ - 166
ig. 186.

Let a candle ¢, fig. 186, be placed on the inside of a box,
or tube, so that its light may pass through the plano-convex
lens %, and strongly illuminate the object o. This object is
generally a small transparent painting on a slip of glass,
which slides through an opening in the tube. In order to
show the figures in the erect position, these paintings are in-
verted, since their shadows are again inverted by the refrac-
tion of the convex lens m. )

In some of these instruments, there is a concave mirror,
d, by which the object, o, is more strongly illuminated than
it would be by the lamp alone. The object is magnified by
the double convex lens, m, which is moveable in the tube by
a screw, so that its focus can be adjusted to the required dis-
tance. Lastly, there is a screen of white cloth, placed at
the proper distance, on which the image, or shadow of the
picture, is seen greatly magnified.

The pictures being of various colours, and so transparent,
that the light of the lamp shines through them, the shadows
are also of various colours, and thus soldiers and horsemen
are represented in their proper costume.

CHROMATICS, OR THE Purrosorny oF CoLOURS.

727. We have thus far considered light as a simple sub-
stance, and have supposed that all its parts were equally re
fracted, in its passage through the several lenses described.
But it will now be shown that light is a compound body,
and that each of its rays, which to us appear white, is com-

* Deseriba the construction and =ffect of the magic lantern.
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-posed of several colours,and that each colour suffers a dif-
ferent degree of refraction, when the rays of light pass
through a piece of glass, of a certain shape.

728. The discovery, that light is a coxx;gound substance, .

and that it may be decomposed, or separated into parts, was
made by Sir Isaac Newton.
If a ray, proceeding from the sun, be admitted into a

darkened chamber, through an aperture in the window shut- ;

ter, and allowed to pass through a triangular shaped piece
‘of glass, called a prism, the light will be decomposed, and-
instead of a spot of white light, there will be seen, on the
opposite wall, a most brilliant display of colours, including
| those which are seen in the rainbow.
Fig. 187.

Suppose s, fig. 187, to be a ray from the sun, admitted
through the window shutter a, in such a direction as to fall
on the floor at ¢, where it would form a round, white spot.
Now, on interposing the prism p, the ray will be refracted,
and at the same time decomposed, and will form on the
screen m, m, an oblong figure, containing seven colours,
which will be situated in respect to each other, as named in
the figure.

It may be observed, that of all the colours, the red is least
refracted, or is thrown the smallest distance from the direc
tion of the original sun beam, and that the violet is most re -
fracted, or bent out of that direction.

The oblong image containing the coloured rays, is called
the solar or prismatic spectrum.

729. That the rays of the sun are composed of the seven

‘Who made the discovery, that light is a compound substance’? In
what manner, and by what means, is light decomposed? 'What are
the prismatic colours, and how do they succeed each other in the spec-
qum? Which colour is refracted most, and which least
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colours above named, is sufficiently evident by the fact, that
such a ray is divided into these several colours by passin
through the prism, but in addition to this proof, it is founﬁ
by experiment, that if these several colours be blended or
mixedp:ogether, white will be the result.

This may be done by mixing together seven powders,
whose colours represent the prismatic colours, and whose
quantities are to each other, as the spaces occupied by each
colour in the spectrum. When this is done, it will be found
that the resulting colour will be a grayish white. A still
more satisfactory proof that these seven colours form white,
when united, is obtained by causing the solar spectrum te
pass through a lens, by which they are brought to a focus,
when it is found that the focus will be the same colour as if
would be from the original rays of the sun.

730. From the oblgong shape of the solar spectrum, we
learn that each of the coloured rays is refracted in a differ-
ent degree by passing through the same medium, and con-
sequently that each ray has a refractive power of its own.
Thus, from the red to the violet, each ray, in ‘succession, is
refracted more than the other.

731. The prism is not the only instrument by which
light can be decomposed. A soap Kubble blown up in the
sun will disglay most of the prismatic colours. This is ac-
counted for by supposing that the sides of the bubble vary in
thickness, am{ that the rays of light are decomposed by these
variations. The unequal sarface of mother of pearl, and

‘many other shells, send forth coloured rays on the same -

principle.

732. Two surfaces of polished glass, when pressed to-
ether, will also decompose the light. Rings of coloured
1ght will be observed around the point of contact between

the two surfaces, and their number may be increased ct di-
minished by the degrees of pressure. Two pieces of com-
mon looking glass, pressed together with the fingers, will
display most of the prismatic colours,

733. A variety of substances, when thrown into the form

of the triangalar prism, will decompose the rays of light, .

‘When the several prismatic colours are blended, what colour is ths
result? ‘When the solar spectrum is made to pass through a lens, what
is the colour of the focus? How do we learn that each coloured ray
has a refractive power of its own? By what other means besides the
pﬁmn the rays of ‘ligtl_xt l::'e.f'lewmof pt;lsed :ubE:: may light be d;
vom| twa pieces of g what ces may prisms
formed, be:ydu glass? . . v .

[}
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s well as a prism of glass. A very common instrument
for this purpose is made by putting together three pieces of
plate glass, in form of a prism. The ends may be made
of wood, and the edges cemented with putty, so as to make
the whole water tight. When this is filled with water, and
held before a sun beam, the solar spectrum will be formed,
displaying the same colours, and in the same order, as that
above described.

734. In making experiments with prisms, filled with dif-
ferent kinds of liquids, it has been found that one liquid will
make the spectrum ? mger than another ; that is, the red and
violet rays, which form the extremes of the spectrum, will
be thrown farther apart by one fluid, than by another. For
example, if the prism be filled with oil of cassia, the spec-
trum formed by it, will be more than twice as long as that
formed by a prism of solid glass. The oil of cassia is there-
fore said to J’isperse the rays of light more than glass, and
hence to have a greater dispersive power. .

735. Tug Rainsow.—The rainbow was a phenomenon,
for which the ancients were entirely unable to account ; but
after the discovery that light is a compound principle, and
that its colours may be separated by various substances,
the solution of this phenomenon became easy.

8ir ‘Isaac Newton, afier his great discovery of the com-
pound nature of light, and the different refrangibility of the
coloured rays, was able to explain the rainbow on optical
principles.

736. If a glass globe be suspended in a room, where the
rays of the sun can fall upon it, the light will be decom-
posed, or separated into several coloured rays, in the same
manner as is done by the prism. A well defined spectrum
will not, however, be formed by the globe, because its shape
is such as to disperse some of the rays, and converge others;
but the eye, by taking different positions in respect to the
globe, will observe the various prismatic colours. Trans-

rent bodies, such as glass and water, reflect the rays of
ight from both their surfaces, but chiefly from the second
surface. That is, if a plate of naked glass be placed so as
to reflect the image of the sun, or of a famp. to the eye, the

‘What is said of some liquids making the spectrum larger than oth-
ers? What is said of oil of cassia, in this r#:a? ‘What discovery
oreceded the explanation of the rainbow ? 0 first explained the
rainbow on optical principles? 'Why docs not a glass globe form a
well defined :ﬁ:ctmm'l m which surface do transparent bodies
chiefly refleet the light 7

19+
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most distinct image will come from the second surface, os
that most distant from the eye. The great brilliancy of the
diamond is owing to this cause. It will be understood di-
rectly, how this principle applies to the explanation of the
" Sappose the circle @ 4., § Tobe
Su e circle a b ¢, fig. 188, to represent a globe, or
Y droll:p:;era.in, for each drop of rain, as it falls through the
air, is a small Fig. 188,
globe of wutl:;
uppose, also,
that the sun is
at 5, and the eye
of the spectator
at e. ow, it

beanmed.tha’:
from a single
globe, the
whole  solar
spectrum is not
seen in the same position, but that the different colours are
seen from different places. Suppose, then, that a ray of
light from the sun s, on entering the globe at 4, is separated
into its primary colours, and at the same time the red ray,
which is the least refrangible, is refracted in the line from
ato b. . From the seconﬁ. or inner surface of the globe, it
would be reflected to c, the angle of reflection being equal
to that of incidence. On passing out of the. globe, its re-
fraction at ¢, would be just equal to the refraction of the in-
cident ray at g, and therefore the red ray would fall on the
eye ate. All the other coloured rays would follow the
same law, but because the angles of incidence and those of
reflection are equal, and because the colored rays are separa-
ted from each other by unequal refraction, it is obvious, that
if the red ray entered the eye at ¢, none of the other coloured
rays could be seen from the same point.

737. From this it is evident, that if the eye of the spec-
tator is moved to another position, he will not see the red ray
coming from the same drop of rain, but only the blue, and
if to another position, the green, and so of all the others.

Explain fig. 188, and show the different refractions, and the reflection
concerned in forming the rainbow. In the case supposed, why will
only the red ray meet the eye? Suppose a n looking at a rain-
bgwgno':eahineye, will he see the same colours from the same drop
of rain p

L4
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But 1n a shower of rain, there are drops at all heights and
distances, and though they perpetually change their places,
n respect to the sun and the eye, as they fall, satill there will
be many which will be in such a position as to reflect the
red rays to the eye, and as many more to reflect the yellow
rays, and so of all the other colours.
This will be Fig. 189
made obvious by :
fig. 189, where,
to avoid confu-
sion, w&xﬂl su
only
me drops of 3
rain, and, con- ,
sequently, only
three colours, are
to be seen.
The numbers ¢
1, 2, 3, are the
rays of the sum,
sroceeding to the
rops a, b, ¢, and
from which these
rays are reflect- A
edto the eye, ma- |
king different angles with the horizontal line A, because one
coloured ray is refracted more than another. Now, suppose
the red ray only reaches the eye from the drop a, the green
from the drop 4, and the violet from the drop ¢, then the
spectator would see a minute rainbow of three colours. But
during a shower of rain, all the drops which are in the po-
sition of a, in respect to the eye, would send forth red rays,
and no other, while those in the position of b, would emit
green rays, and no other, and those in the position of ¢, vio-
let rays, and so of all the other prismatic colours. Each
circle of colours, of which the rainbow is formed, is there-
fore composed of reflections from a vast number of differ-
ent drops of rain, and the reason why these colours are dis-
tinct to our senses, is, that we see only oune colour from a
single drop, with the eye in the same position. It follows,
then, that if we change our position, while looking at a

Explain fig. 189, and show why we see different colours from differ-
ent drops q'f rain. Do several persons see the same rainbow at the
eame time



224 RAINBOW.

rainbow, we still see a bow, but not the same as betare, and
hence, if there are many spectators, they will all see a differ-
ent rainbow, though it appears to be the same. »

738. There are often seen two rainbows, the one formed
as above described, and the other, which is fainter, appear-
ing on the outside, or above this. The secondary bow, as
this last is called, always has its order of colours the reverse
of the primary one. Thus, the colours of the primary bow,
beginning with its upper, or outermost portion, are red,
orange, yellow, &c., the lowest, or innermost portion, being
violet; while the secondary bow, beginning with the same
corresponding part, is coloured violet, indigo, &e., the low-
est, or innermost circle, being red.

739. In the primary bow, we have seen, that the coloured
rays arrive dt the eye after two refractions, and one reflec-
tion.  In the secondary bow, the rays reach the eye after
two refractions, and two reflections, and the order of the
colours is reversed, because, in this case, the rays of light
enter the lower part of the drop, instead of the upper part,
as in the primary bow. The reason why the colours are
fainter in the secondary than in the primary bow is, because
a part of the light is lost or dispersed, at each reflection,
and there being two reflections, by which this bow is form-
ed; instead of one, as in the primary, the difference in bril-
liancy is very ‘obvious.

740. The direction of a single ray, showing how the
secondary bow is formed, will be seen at fig. 190. The ray
7, from the Fig. 190.
sun, enters
the drop of gﬁ 4
water at a,
and is 7e-
fracted to
¢, then 7ze-
Nectedto b,
then agam
reflected to
d, where it
suffers an-
other re- ) :
fraction, and lastly, passes to the eye of the spectator at e.

Explain the reason of this. How are the colours: of the primary
and secondary bows arranged in respect to each other? How many
refractions and reflections produce the secondary bow 3 Why is the
secondary bow less brilliant than the primary 1
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The rainbow, being the consequence of the refracted and
reflected rays of the sun, is never seen, except when the
sun and the spectator are in similar directions, in respect to
the shower. It assumes the form.of a semicircle, because
it is only at certain angles that the refracted rays are visible
to the eye.

741. Of the colours of things. The light of the sun, we
have seen, may be separated into seven primary rays, each
of which has a colour of its own, and which is giﬁ'erent
from that of the others. In the objects which surround us,
both natural and artificial, we observe a great variety of
colours, which differ from those composing the solar
spectrum, and hence one might be led to believe that both
nature and art afford colours different from those afforded
by the decomposition of the solar rays. But it must be
remembered, that the solar spectrum contains only the
primary colours of nature, and that by mixing these colours
in various proportions with each other, an irdefinite vari
of tints, all differing from their primaries, may be obtained.

742. It appears that the colours of all bodies depend on
some peculiar property of their surfaces, in consequence of
which, they absorb some of the coloured rays, and reflect the
others. I-Ld the surfaces of all bodies the property of re-
flecting the same ray only, all nature would display the
monotony of a single colour,and our senses would never
have known the charms of that variety which we now
behold.

743. All bodies appear of the colour of that ray, or of a
tint depending on the several rays which it reflects, while
all the other rays are absorbed, or, in other terms, are not
reflected. Black and whéte, therefore, in a philosophical
senge, cannot be considered as colours, since the first arises
from the absorption of all the rays, and the reflection of
none, and the last is produced by the reflection of all the
rays, and the absorption of none. But in all colours, or
shades of colour, the rays only are reflected, of which the
colour is composed. Thus, the colour of grass, and the leaves
of plants, is green, because the surfaces of these substances
reflect only the green rays, and absorb all the others. For

‘Why are the colours of things different from those of the solar
tum? On what do the colours of bodies depend ?  Suppose all bodies
veflectec. the same ray, what would be the consequence, in regard to
eolour? Why are not black, and white, consi as colours? Why
13 the colour of grass green?
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the same reason, the rose is red, the violet blue, and so of all
coloured substances, every one throwing out the ray of its
own colour, and absorbing all the others.

744. To account for such a variety of colours as we see in
different bodies, it is supposed that all substances, when made
sufficiently thin, are transparent, and consequently, that
they transmit through their surfaces, or absorb, certain rays
of light, while other rays are thrown back, or reflected, as
above described. Gold, for example, may be beat so thin as
to transmit some of the rays of light, and the same is true of
several of the other metals, which are capable of being ham-
mered into thin leaves. It is therefore most probable, that
all the metals, could: they be made sufficiently thin, would
permit the rays of light to pass through them. Most, if not
quite all mineral substances, though in the mass they may
seem quite opaque, admit the light through their edges, when
broken, and almost every kind of wood, when made no thinner
than writing paper, becomes translucent. Thus we may safe-
ly conclude, that every substance with which we are ac-

uainted, will admit the rays of light, when made sufficiently
thin.

745. Transparent colourless substances, whether solid or
fluid, such as glass, water, or mica, reflect and transmit light
of the same colour; that is, the light seen through these
bodies, and reflected from their surfaces, is white, This is
true of all transparent substances under ordinary circum-
stances; but if their thickness be diminished to a certain
extent, these substances will - both reflect and transmit
coloured light of various hues, according to their thickness.
Thus, the thin plates of mica, which are left on the fingers,
after bandling that substance, will reflect prismatic rays of
various colours,

746. There is a degree of tenuity, at which transparent
substances cease to reflect any of the coloured rays, but
absorb, or transmit them all, in which case they become’
black. This may be proved by various experiments. If a
soap bubble be czssely observed, it will be seen that at first,
the thickness is sufficient to reflect the prismatic rays from

How is the variety of colours accounted for, by considering all
bodies transparent 3 {vm is said of the reflection of coloured light by
tram?parem substances? What substance is mentioned, as illustmins
this fact ? When is it said that transparent substances become black
Hg:: is it p:oved that fluids of extreme tenuity ‘aB¥orb all the rays and
reflect none
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ell its parts, but as it grows thinner, and just before it
bursts, there may.be seen a spot on its top, which turns
black, thus transmitting all the rays at that part, and re-
flecting none. The same phenomenon is exhibited, when
a film of air, or water, is pressed between two plates of
glass. At the point of contact, or where the two plates
ress each other with the greatest force, there will be a
glack spot, while around this there may be seen a system
of coloured rings.

From such experiments, Sir Isaac Newton concluded,
that air, when below the thickness of half a millionth of
an inch, ceases to reflect light; and also that water, when
below the thickness of three eighths of a millionth of an
inch, ceases to reflect light. But that both air and water,
when their thickness is in a certain degree above these
limits, reflect all the coloured rays of the spectrum.

747. Now all solid bodies are more or less porous, having
among their particles either void spaces, or spaces filled
with some foreign matter, differing in density from the body
itself, such as air or water. Even gold is not perfectly com-
pact, since water can be forced through its pores. Ttis
most probable, then, that the parts of the same body, differ-
ing in density, either reflect, or transmit the rays of light,
according to the size or arrangement of their particles;
and in proof of this, it is found that some bodies transmit
the rays of one colour, and reflect that of another. Thus,
the colour which passes through a leaf of gold is green,
while that which it reflects is yellow.

748. From a great variety of experiments on this sub- -
ject, Sir Isaac Newton concludes that the transparent parts
of bodies, according to the sizes of their transparent pores,
reflect rays of one colour, and transmit those of another,
for the same reason that thin plates, or minute particles of
air, water, and some other substances, reflect certain rays,
and absorb, or transmit others, and that this is the cause of
all their colours.

749. In confirmation of the truth of this theory, it may
be observed, that many substances, otherwise opaque, become
trandsparent, by filling their pores with some transparent
fluid.

What is the conclusion of Sir Isaac Newton, concerning the tenuity
at which water and air ceases to reflect light 7 . What is said of the
porous nature of the solid bodies ?
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Thus, the stone called Hydrophane, is perfectly opaque.
when dry, but becomes transparent when dipped in water;
and common writing paper becomes translucent, after it has
absorbed a quantity of oil. The transparency, in these cases,
may be accounted for, by the different refractive powers
which the water and oil possess, from the stone or paper, and
in consequence of which the light is enabled to pass among
their particles by refraction.

ASTRONOMY.

750. Astronomy is that science which treats of the mo
tions and appearances of the heavenly bodies; accounts for
the phenomena which these bodies exhibit to us; and explains
the laws by which their motions, or apparent motions, are
regulated.

Astronomy is divided into Descriptive, Physical, and
Practical.

Descriptive astronom{ demonstrates the magnitudes, dis-
tances, and densities of the heavenly bodies, and explainsthe
phenomena dependant on their motions, such as the change
of seasons, ancf) the vicissitudes of day and night.

Physical astronomy explains the theory of planetary
motion, and the laws by which this motion is regulated and
sustained. )

Practical astronomy details the description and use of us
tronomical instruments, and develops the nature and appli-
cation of astronomical calculations.

The heavenly bodies are divided into three distinct classes,
or systems, namely, the solar system, consisting of the sun,
moon, and planets, the system of the fixed stars, and the
system of the comets,

THE SoLAR SYSTEM.

751. The Solar System consists of the sun, and twenty-
nine other bodies, which revolve around him at various dis-
tances, and in various periods of time.

The bodies which revolve around the sun as a centre, are

What is astronomy ? How is astronomy divided 7 What does des-
criptive astronomy teach? What is the object of physical astronomy 3

hat is practicu{ astronomy 7 How are the heavenly bodies divided ?
Of what does the solar system consist? What are the bodies called,
which revolve around the sun as a centre ?
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called prémary planets. Thus, the Earth, Venus, and Mars,
are primary planets. Those which revolve around the pri-
mary planets, are called secondary planets, moons, or satel-
lites.  Our moon is a-secondary planet or satellite.

The primary planets revolve around the sun in the fol-
lowing order, and complete their revolutions in the follow-
ing times, computed in our days and years. Beginning
with that nearest to the sun, Mercury performs his revolu-
tion in 87 days and 23 hours ; Venus, in 224 days, 17 hours;
the Earth, attended by the moon, in 365 days, 6 hours;
Mars, in_one year, 322 days; Ceres, in 4 years, 7 months,

“and 10 days; Pallas, in 4 years,' 7 months, and 10 days;

Juno, in 4 years and 128 days; Vesta, in 3 years, 66 days,
and 4 hours; Jupiter, in 11 years, 315 days, and 15 hours;
Saturn, in 29 years, 161 days, and 19 hours ; Herschel, in
83 years, 342 days, and 4 hours.
. 752. A year consists of the time which it takes a planet
to perform one complete revolution through its orbit, or to
pass once around the sun. Our earth performs this revolu-
tion in 365 days, and therefore this is the period of our year.
Mercury completes her revolution in'88 days, and therefore
ber year is no longer than 88 of our days.” But the planet
Herschel is situated at such a distance from the sun, that his
revolution is not ‘completed in less than about 84 of our
years. The other planets complete their revolutions in va-
rious periods of time, between these; so that the time of
these periods is generally in proportion to the distance of
each planet from the sun.

Ceres, Pallas, Juno, and Vesta, are the smallest of all the
planets, and are called Asteroids.

Besides the above enumerated primary planets, our sys-
tem contains eighteen secondary planets, or moons. Of
these, our Earth has one moon, Jupiter four, Saturn seven,
and Herschel six. None of these moons, except our own,
and one or two of Saturn’s, can be seen without a telescope.
The seven other planets, so far as has been discovered, are
entirely without moons.

753. All the planets move around the sun from west to

‘What are those called, which revolve around these primaries as a
centre? In what order are the several planets situated, in respect to the
sun? How long does it take each planet to make its revolution around
the sun? What is a year? What planets are called asteroids? How
many moons_does our system contain? Which of the planets are at-

by moons, and how many has each? In what direction do the
planets move around the sun?

20
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east, and in the same direction do the moons revolve around
their primaries, with the exception of those of Herschel,
which appear to revolve in a contrary direction.

754, ’I?lfe paths in which the planets move round the sun,
and in which the moons move round their primaries, are
called their orbits. These orbits are not exactly circular, as
they are commonly represented on paper, but are elliptical,
or oval, so that all the planets are nearer the sun, when in
one part of their orbits, than when in another.

In addition to their annual revolutions, some of the plan-
ets are known to have diurnal, or daily revolutions, like our
earth. The periods of these daily revolutions have been
ascertained, in several of the planets, by spots on their sur-
faces. But where no such mark is discernible, it cannot be
ascertained whether the planet has a daily revolution or not,
though this has been found to be the case in every instance
where spots are seen, and, therefore, there is little doubt but
all have a daily, as well as a yearly motion.

755. The azis of a planet is an imaginary line passing
through its centre, and about which its diurnal revolution is
performed. The poles of the planets are the extremities of
this axis.

756. The orbits of Mercury and Venus are within that
of the earth, and consequently they are called inferior plan-
ets. 'The orbits of all the other planets are without, or ex-
terior to that of the earth, and these are called supertor
planets.

That the orbits of Mercury and Venus are within that
of the earth, is evident from the circumstance, that they are
never seen in opposition to the sun, that is, they never ap-
pear in the west, when the sun is in the east. On the con-
trary, the orbits of all the other planets are proved to be out-
side of the earth’s, since these planets are sometimes seen
in opposition to the sun.

This will be understood by fig. 191, where suppose s to
be the sun, m the orbit of Mercury or Venus, e the orbit of
the earth, and j that of Jupiter. ow, it is evident, that if

‘What is the orbit of a planet? What revolutions have the planets,
besides their yearly revolutions? Have all the planets diurnal revo-
lutions? How is it known that the planel.s have daily revolutions ?
‘What is the axis of a planet? What is the pole of a planet? Which
are the superior, and which the inferior planets 1 ﬁow is it proved
that the inferior planets are within the earth’s orbit, and the superior
ones without it ?
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a spectator be placed any Fig. 191
where in the earth’s or-

vit, as at ¢, he may some-

times see Jupiter in op-

position to the sun, as at

7, because then the spec-

tator would be between

Jupiter and the sun. But e J
the orbit of Venus, being

surrounded by that of the

earth, she never can come

in opposition to the sun,

or in that part of the *

heavens opposite to him,

as seen by us, because :
our earth never passes between her and the sun.

757. It has already been stated, that the orbits of the
planets are elliptical, and that, consequently, these bodies
are sometimes nearer the sun than at others. An ellipse,
or oval, has two foci, and the sun, instead of being in the
common centre, is always in the lower foci of their orbits.

The orbit of a planet Fig. 192.
is represented by fig. a
192, where a, d, b, ¢, I8
an ellipse, with its two
foci, s and o, the sun be-
ing in the focus s, which
is called the lower focus. b

‘When the earth, or s
any other dplanet, revolv-
ing around the sun, is in
that part of its orbit near-
est the sun, as at a, it is said to be in its peribelion ; and when
in that part which is at the greatest distance from the sun,
as at b, it is said to be in its aphelion. The line s, d, is the
mean, or average distance of a planet's orbit from the sun.

758. Ecripric.—The planes of the orbits of all the
planets pass through the centre of the sun. The plane of
an orbit is an imaginary surface, passing from one extremity,
or side of the orbit, to the other. IF the rim of a drum

Explain fig. 191, and show why the inferior planets never can be in
mtion to the sun. What arc the shapes of the planetary orbits %
is meant by perihetion? What is the plane of an orbit ?
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head be considered the orbit, its plane would be the parch
ment extended across it, on which the drum is beaten.

Let us suppose the earth's orbit to be such a plane, cut-
ting the sua through his centre, and extending out on every
side to the starry heavens; the great circle so made, would
mark the line of the ecliptic, or the sun's apparent path
through the heavens.

This circle is called the sun’s apparent path, because the
revolution of the earth gives the sun the appearance of pass-
ing through it. It is called the ecliptic, because eclipses
happen when the moon is in, or near, this apparent path.

759. Zoviac.—The Zodiac is an imaginary belt, or
broad circle, extending quite around the heavens. The
ecliptic divides the zodiac into two equal fmrts, the zodiac ex-
ten(ﬁn 8 degrees on each side of the ecliptic, and therefore
is 16 egrees wide. The zodiac is divided into 12 equal
parts, called the signs of the zodiac.

760. The sun appears every year to pass around the great
circle of the ecliptic, and consequently, through the 12 con-
stellations, or signs of the zodiac. But it will be seen, iv
another place, that the sun, in respect to the earth, stande
still, a.mfJ that his apparent yearly course through the heav
ens is caused by the annual revolution of the earth around
its orbit. ~ Fig. 193.

4 To undtlarstand the cauie of this

eception, let us suppese that s, fig.
193, is the sun, a b;:p:s part of the
circle of the ecliptic, and ¢ d, a
part of the earth’s orbit. Now, if
a spectator be t{o:aced at ¢, he will
see the sun in that part of the eclip-
tic marked by 5, but when the earth
moves in her anaual revolution to
d, the spectator will see the sun in
that part of the heavens marked
by a; so that the motion of the
earth in orie direction, will give the
‘sun an apparent motion in the con-
trary direction.

Explain what is meant by the ecliptic. 'Why is the echiptic called
the sun’s apparent path? What is the zodiac? How does the eclipti
divide the zodiac? How far does the zodiac extend on each side of the
ecliptict Explain fig. 193, and show why the sun scems to pass through
the ecliptic, when the carth only revolves around the sun.
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761. A sign, or constellation, is a collection of fixed stars,
and, as we have already seen, the sun appears to move
through the twelve signs of the zodiac every year. Now,
the sun’s place in the heavens, or zodiac, is found by his ap-
parent conjunction, or nearness to any particular star in the
constellation. Suppose a spectator at c, observes the sun to
be nearly in a line with the star at 5, then the sun would
be near a particular star in a certain constellation. When
the earth moves to 4, the sun's place would assume another
direction, and he would seem to have moved into another
constellation, and near the star a.

762. Each of the 12 signs of the zodiac is divided into
30 smaller parts, called degrees; each degree into 60 equal
parts, calledp:ninutes, and each minute into 60 parts, called
seconds.

The division of the zodiac into signs, is of very ancient
date, each sign having also received the name of some ani-
mal, or thing, which the constellation, forming that sign,
wasg supposed to resemble. It is hardly necessary to say,
that this is chiefly the result of imagination, since the fig-
ures made by the places of the stars, never mark the out-
lines of the figures of animals, or other things. This is,
however, found to be the most convenient method of finding
any particular star at this day, for among astronomers, any
star, in each constellation, may be designated by describing
the part of the animal in which it is situated. Thus, by
knowing how many stars belong to the constellation Leo,
or the Liion, we readily know what star is meant by that
which is situated on the Lion’s ear or tail.

763. The names of the 12 signs of the zodiac are, Aries,

. Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sa-

gittarius, Capricorn, Aquarius, and Pisces. The common

names, or meaning of these words, in the same order, are,

the Ram, the Bull, the T'wins, the Crab, the Lion, the Vir-

%‘i,n. the Scales, the Scorpion, the Archer, the Goat, the
aterer, and the Fishes.

What is a constellation, or sign? How is the sun’s apparent place
m the heavens found 7 Into how many parts are the signs of the zo-
diac divided, and what are these parts called? Is there any resem-
blance between the places of the stars, and the figures of the animals
after which they are called.? Explain why this is a convenient method
of finding any particular atar in a sign? What are the names of the
twelve signs ?

20
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! 'The twelve signs of the zodiac, together with the aun,
and the earth revolving around him, are represented at fig
Fig. 194.

*

1 =
194. When the earth is at A, the sun will appear to be just
entering the sign Aries, because then, when seen from the
earth, he ranges towards certain stars at the beginning of
that constellation. When the earth is at C, the sun will
appear in the opposite part of the heavens, and therefore in
the beginning of Libra. The middle line, dividing the cir-
cle of the zodiac into equal parts, is the line of the ecliptic.
764. DENsITY of THE PLANETS.— Astronomers have no
means of ascertaining whether the planets are composed of
the same kind of matter as our earth, or whether their sur-
faces are clothed with vegetables and forests, or not. They
have, however, been able to ascertain the densities of se-
veral of them, by observations on their mutual attraction.

Explain why the sun will be in the beginnin% of Aries, when the
earth ise:i";l A.fig. 194 How has the density of the plancts been as-
certain
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By density, is meant compactness, or the qmﬁt{ of matter
in a given space. When two bodies are of equal bulk, that
which weighs most, has the greatest density. It wasshown,
while treating of the properties of bodies, that substances
-attract each other in proportion to the quantities of matter
they contain. If, therefore, we know the dimensions of
several bodies, and can aseertain the proportion in which
they attract each other, their quantities of matter, or densi-
ties, are easily found.

765. Thus, when the planets pass each other in their
circuits through the heavens, they are often drawn a little
out of the lines of their orbits by mutual attraction. As
bodies attract in proportion to their quantities of matter, it
is obvious that the small planets, if of the same density,
will suffer greater disturbance from this cause, than the
large ones. But suppose two planets, of the same dimen-
sions, pass each other, and it is found that one of them is
auracted twice as far out of its orbit as the other, then, by
the known laws of gravity, it would be inferred, that one of
them contained twice the quantity of matter that the other
did, and therefore that the density of the one was twice that
of the other.

By calculations of this kind, it has been found, that the
density of the sun is but a little greater than that of water,
while Mercury is more than nine times as dense as water,
having a specific gravity nearly equal to that of lead. The
earth has a density about five times greater than that of the
sun, and a little less than half that of Mercary. The densi-
ties of the other planets seem to diminish in proportion as
their distances from the sun increase, the density of Saturn,
one of the most remote of planets, being only about one
third that of water.

Tre Sow.

766. The sun is the centre of the solar system, and the
great dispenser of heat and light to all the planets. Around
the sun all the planets revolve, as around a common ceutre,
he being the largest body in our system, and, so far as we
know, the largest in the universe.

‘What is meant by density ? In what proportion do bodies attract
each other? How are the densities of the planets ascertained? What
18 the density of the sun, of Mercury, and of the earth 7 In what pro-
portions do the densities of the planets appear to diminish? Where is
the place of the sun, in the solar system ?
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767. The distance of the sun from the earth is 95 mil-
lions of miles, and his diameter is estimated at 88,000 miles.
Our globe, when compared with the magnitude of the sun,
is a mere point, for his bulk is about thirteen Ahundred
thousand times greater than that of the earth. Were the
sun's centre placed in the centre of the moon’s orbit, his
circumference would reach two hundred thousand miles
beyond her orbit in every direction, thus filling the whole
space between us and the moon, and extending nearly as far
beyond her as she is from us. A traveller, who should go
at the rate of 90 miles a day, would perform a journey of
nearly 33,000 miles in a year, and yet it would take such a
traveller more than 80 years to go round the circumference
of the sun. A body of such mighty dimensions, hanging
on nothing, it is certain, must have emanated from an Al-
mighty P[?wer. .

768. The sun appears to move around the earth every 24
hours, rising in the east, and setting in the west. This mo-
tion, as will be proved in another place, is only apparent,
end arises from the diurnal revolution of the earth.

769. The sun, although he does not, like the planets, re-
volve in an orbit, is, however, not without motion, having a
revolution around his own axis, once in 25 days and 10
hours. Both the fact that he has such a motion, and the
time in which it is performed, have been ascertained by the
spots on his surface. If a spot is seen, on a revolving body,
in a certain direction, it is obvious, that when the same spot
is again seen, in the same direction, that the body has made
one revolution. By such spots the diurnal revolutions of
the planets, as well as the sun, have been determined.

770. Spots on the sun seem first to have been observed in
the year 1611, since which time they bave constantly at
tracted attention, and have been the subject of investigation
among astronomers. These spots change their appear-
ance as the sun revolves on his axis, and become greater or
less, to an observer on the earth, as they are turned to, or
from him; they also change in respect to real magnitude
and namber : one spot, seen by Dr. Herschel, was estimated

What is the distance of the sun from the earth? What is the di-
emeter of the sunl Suppose the centre of the sun and that of the
moon’s orbit to be coincident, how far would the sun extend beyond
the moon’s orbit ? How is it proved that the sun has a motion around
nis own axis? How often does the sun revolve? When were spots
of the sun first observed ?
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to be more than six times the size of our earth, being 50,000
miles in diameter. Sometimes forty or fifty spots may be °
seen at the same time, and sometimes only one. They are
often so large as to be seen with the naked eye; this was the
case in 1816.

771. In respect to the nature and design of these spots,
almost every astronomer has formed a different theory.
Some have supposed them to be solid opaque masses of
scorie, floating in the liquid fire of the sun; others, as
satellites, revolving round him, and hiding his light from
us; others, as immense masses, which have fallen on his
disc, and which are dark coloured, because they have not
yet become sufficiently heated. In two instances, these
spots have been seen toKurst into several parts, and the parts
to fly in several directions, like a piece o? ice thrown upon
the ground. Others have supposed that these dark spots
were the body of the sun, which became visible in conse-
quence of openings through the fiery matter, with which he
is surrounded. Dr. Herschel, from many observations with
his great telescope, concludes, that the shining matter of the
sun consists of a mass of phosphoric clouds, and that the
_spots on his surface are owing to disturbances in the equili-
brium of this luminous matter, by which openings are made
through it. There are, however, objections to this theory,
as indeed there are to all the others, and at present it can
only be said, that no satisfactory explanation of the cause of
these spots has been given.

772. That the sun, at the same time that he is the great
source of heat and light to all the solar worlds, may yet be
capable of supporting animal life, has been the favourite

ine of several able astronomers. Dr. Wilson first sug-
gested that this might be the case, and Dr. Herschel, with
his telescope, made observations which confirmed him in
this opinion. The latter astronomer snpposed that the func-
tions of the sun, as the dispenser of light and heat, might
be performed by a luminous, or phosphoric atmosphere, sur-
rounding him at many hundred miles distance, while his
solid nucleus might be fitted for the habitations of millions
of reasonable beings. This doctrine is, however, rejected
by most writers on the subject at the present day.

‘What has been the a.fference in the number of spots observed ?
‘What was the size of the spot seen by Dr. Herschel? What has been
conpie: for satisfacerily s Whas 1 sald sonceraiog,the e beig. &
counted for satis| is sai sun’s a
kabitable globe ? v ) .
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MERCURY.

773. Mercury, the planet nearest the sun, is ubout 3000
miles in diameter, and revolves around him, at the distance
of 37 millions of miles. The period of his annual revolu-
tion is 87 days, and he turns on his axis once in about 24
hours.

The nearness of this planet to the sun, and the short time
his fully illuminated disc is turned towards the earth, has

revented astronomers from making many observations on
im.

No signs of an atmosphere have been observed in this
planet. The sun's heat at Mercury is about seven times

eater than it is on the earth, so that water, if nature fol-

ows the same laws there that she does here, cannot exist at
Mercury, except in the state of steam.

The nearness of this planet to the sun, prevents his being
often seen. He may, however, sometimes be observed just
before the rising, and a little after the setting of the sun.
‘When seen after sunset, he appears a brilliant, twinkling
star, showing a white light, which, however, is much ob-
scured by the glare of twilight. When seen in the morn-
ing, before the rising of the sun, his light is also obscured
by the sun’s rays.

Mercury sometimes crosses the disc of the sun, or comes
between the earth and that luminary, so as to appear like a
small dark spoM)assin'g over the sun’s face. This is called
the ¢ransit of Mercury.

VENus.

774. Venus is the other planet, whose orbit is within that
of the earth. Her diameter is about 8600 miles, being
somewhat larger than the earth.

Her revolution around the sun is performed in 224 days,
at the distance of 68 millions of miles from him. She turns
on her axis once in 23 hours, so that her day is a little
shorter than ours.

775. Venus, as seen from the earth, is the most brilliant
of all the primary planets, and is better known than any

‘What is the diameter of Mercury, and what are his periods of
annual and diurnal revolution ? How great is the sun’s heat at Me~-
cury? At what times is Mercury to be seen? What is a tranasit of

1 Where is the orbit of Venus, in respect to that of the

earth? What is the time of Venus’ revolution round the sun? Haw

oﬁ_endoushat\unonheruiu’l
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nocturnal luminary except the moon. 'When seen through
a telescope, she exhibits the phases or horned appearance
of the moon, and her face is sometimes variegated with dark

ts. Venus may often be seen in the day time, even when
she is in the vicinity of the blazing light of the sun. A
luminous appearance around this planet, seen at certain
times, proves that she has an atmosphere. Some of her
mountains are several times more elevated than any on our
globe, being from 10 to 22 miles high. Venus sometimes
makes a transit across the sun’s disc, in the same manner
as Mercury, already described. The transits of Venus oc-
cur only at distant periods from each other.- The last transit
was in 1769, and the next will not happen until 1874.
These transits have been observed by astronomers with the
greatest care and accuracy, since it is by observations on
them that the true distances of the earth and planets from
the sun are determined.

776. When Venus is in that part of her orbit which gives
her the appearance of being west of the sun, she rises before
him, and is then called the morning star; and when she
appears east of the sun, she is behind him in her course, and
isthen called the evening star. These periods do not agree,
either with the yearly revolution of the earth, or of Venus,
for she is alternately 290 days the morning star, and 290
days the evening star. The reason of this is, that the earth
and Venus move round the sun in the same direction, and
hence her relative motion, in respect to the earth, is much
slower than her absolute motion in her orbit. If the earth
had no yearly motion, Venus would be the morning star
one half of the year, and the evening star the other half.

Tag EarTn.

777. The next planet in our system, nearest the sun, is
the Earth. Her diameter is 7912 miles. This planet re-
volves-around him in 365 days, 5 hours, and 48 minutes;
and at the distance of 95 millions of miles. It turns round
its own axis once in 24 hours, making a day and a night.
The Earth’s revolution around the sun is called its annual,
or yearly motion, because it is performed in a year; while

‘What is said of the height of the mountains in Venus? On what
aceount are the transits of Venus observed with great care? When is
Venus the morning, and when the evening star? How long is Venus
the morning, and how long the evening star? How long docs it take the
earth to revolve round the sun ?
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the revolution around its own axis, is called the disrnal ot
daily motion, because it takes place every day. The figure
of the earth, with the phenomena connected with her motion,
will be explained in another place.

TaE Moon.

778. The Moon, next to the sun, is, to us, the: most bril-
liant and interesting of all the celestial bodies. Being the
nearest to us of any of the heavenly orbs, and apparently
designed for our use, she has been observed with great at-
tention, and many of the phenomena which she presents,
are therefore better understood and explained, than those of
the other planets. -

While the earth revolves round the sun in a year, it is
attended by the Moon, which makes a revolution round the
earth once in 27 days, 7 hours, and 43 minutes. The dis-
tance of the Moon from the earth is 240,000 miles, and her
diameter about 2000 miles.

Her surface, when seen through a telescope, appears
diversified with hills, mountains, valleya, rocks, and plains,
presenting a most interesting and curious aspect: but the
explanation of these phenomena are reserved for another
section.

Mags.

779. The next planet in the solar system, is Mars, his
orbit surrounding that of the earth. The diameter of this
planet is upwards of 4000 miles, being about half that of
the earth. The revolution of Mars around the sun is per-
formed in nearly 687 days, or in somewhat less than two of
our years, and he turns on his axis once in 24 hours and 40
minutes. His mean distance from the sun is 144 millions
of miles, so that he moves in his orbit at the rate of about
55,000 miles in an hour. The days and nights, at this
planet, and the different seasons of the year, bear a consider-
able resemblance to those of the earth. The density of
Mars is less than that of the earth, being only three times
that of water.

‘What is meant by the earth’s annual revolution, and what by her
diurnal revolution? "Why are the phenomena of the moon better ex-
olained than those of the other planets? In what time is a revolution
of the moon about the earth performed ? 'What is the distance of the
moon from the earth? What is the diameter of Mars? How much
!onf.er isba ylear at Mars than our year? What is his rate of motion
n his orbit 7 .
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Mars reflects a dull red light, by which he may be dis-
tinguished from the other planets. His appearance through
the telescope is remdrkable for the great number and variety
of spots which his surface presents.

Mars has an atmosphere of great density and extent, as
18 proved by the dim appearance of the fixed stars, when
seen through it. 'When any of the stars are seen nearly in
a line with this planet, they give a faint, obscure light, and
the nearer they approach the line of his disc, the fainter is
their light, until the star is entirely-obscured from the sight.

This planet sometimes appears much larger to us than at
others, and this is teadily accounted for by his greater or
less distance. At his nearest approach to the earth, hic
distance is only 50 millions of miles, while his greatest dis
tance is 240 millions of miles; making a difference in his
distance of 190 millions of miles, or the diameter of the
earth's orbit. .

. The sun’s heat at this planet is less than half that which
we enjoy. | .

To the inhabitants of Mars, our planet appears alternately

as the morning and evening star, as Venus does to us.

VESsTA, JUNO, PALLAS, AND CERES

780. These planets were unknown until recently, and
are therefore sometimes called the new planets. Tt has been
mentioned, that they are also called Asteroids.

781. The orbit of Vesta is next in the solar system to that-
of Mars. This planet was discovered by Dr. Olbers, of
Bremen, in 1807. The light of Vesta is of a pure white,
and in a clear night she may be seen with the naked eye,
appearing about the size of a star of the 5th or 6th magni-
tude. Her revolution round the sun is performed in 3 years
;qd. 66 days, at the distance of 223 millions of miles from

im.

782. Juno was discovered by Mr. Harding, of Bremen,
in 1804. Her mean distance from the sun is 253 millions
of miles. Her orbit is more elliptical than that of any other
planet, and, in consequence, she is sometimes 127 millions
of miles nearer the sun than at others. This planet com-

‘What is his appearance through the telescope? How is it proved
that Mars has an atmosphereugf great density? Why doesp Mars
sometimes apgear to us larger than at others? How great is the sun’s
heat at Mars Which are the new planets, or asteroids ? When was
Vesta discovered? What is the period of Vesta’s annual, revolution }
When was Juno discovered ? 4 hat is her distance from the sun?

1
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pletes its annual revolution in 4 years and about 4 months,
and revolves round its axis in 27 hours. Its diameter 18
1400 miles.

783. Pallas was also discovered by Dr. Olbers, in 1802.
Its distance from the sun is 226 miﬁions of miles, and ity
periodic revolution round him, is performed in 4 years and
7 months.

784. Ceres was discovered in 1801, by Piazzi, of Paler
mo. This planet performs her revolution in the same time
as Pallas, being 4 years and 7 months. Her distance from
the sun 260 millions of miles. Accordingto Dr. Herschel,
this planet is only about 160 miles in diameter.

JupITER.

785. Jupiter is 89,000 miles in diameter, and performs
his annual revolution once in about 11 years, at the distance
of 490 millions of miles from the sun. This is the largest
planet in the solar system, being about 1400 times larger
than the earth. His diurnal revolution is performed in
nine hours and fifty-five minutes, giving his surface, at the
equator, a motion of 28,000 miles per hour. This motion
is about twenty times more rapid than that of our earth at
the equator.

786. Jupiter, next to Venus, is the most brilliant of the
flanets. though the light and heat of the sun on him is near-

y 25 times less than on th¢ earth.

This planet is distinguished from all the others, by an ap- -

pearance resembling bands, which extend across his disc
Fig. 175.

|

|
1

‘What is the Eeriod of her revolution, and what her diameter?

What is said of Pallas and Ceres? What is the diameter of Jupiter %

‘What is his distance from the sun? What is the period of Jupiter's

diurnal revolution 1 ‘'What is the sun’s heat and light at Jupiter, when

:iompgr;:d \;nth that of the earth ? For what is Jupiter particularly dis-
nguis!
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These are termed belts, and are variable, both in respect to
number and appearance. Sometimes seven or eight are seen,
several of which extend quite across his face, while others
appear broken, or interrupted.

These bands, or belts, when the planet is observed through
a telescope, appear as represented in fig. 195. This ap-
pearance is much the most common, the belts running quite
across the face of the planet in parallel lines. Sometimes,
however, his aspect is quite different from this, for in 1780,
Dr. Herschel saw the whole disc of Jupiter covered with
small curved lines, each of which appeared broken, or in-
terrupted, the whole having a parallel direction across his
disc, as in fig. 196.

. Different opinions have been advanced by astronomers re-

specting the cause of these appearances. By some they have
been regarded as clouds, or as openings in the atmosphere
of the planet, while others imagine that they are the marks
of frent natural changes, or revolutions, which are perpet-
ually agitating the surface of that planet. It is, however,
most probable, that these appearances are produced by the
agency of some cause, of which we, on this little earth,
must always be entirely ignorant.

787. Jupiter has four satellites, or moons, two of which
are sometimes seen with the naked eye. They move round,
and attend him in his yearly revolution, as the moon does
our earth. They complete their revolutions at different pe-
" riods, the shortest of which is less than two days, and the
longest seventeen days.

Is the a nee of Ju'tpilex’s belts always the same, or do they

change? hat is said of the cause of Jupiter’s belted appearance?

::Iloy mg‘ny moons has Jupiter, and what are the periods of their rev-
utions



244 ASTRONOMY.

These satellites often fall into the shadow of their pri-
mary, in consequence of which they are eclipsed, as seen
from the earth. The eclipses of Jupiter's moons have been
observed with great care by astronomers, because they have
been the means of determining the exact longitude of places,
and the velocity with which light moves through space.
How longitude is determined by these eclipses, cannot be
explained or understood at this place, but the method by
which they become the means of ascertaining the velocity
of light, may be readily comprehended. An eclipse of one
of these satellites appears, by calculation, to take place six-
teen minutes sooner, when the earth is in that part of hex
orbit nearest to Jupiter, than it does when the earth is in
that part of her orbit at the' gteatest distance from him.
Hence, light is found to be sixteen minutes in crossing the
earth's or%it, and as the sun is in the centre of this orbit, or
nearly so, it must take about 8 minutes for the light to come
from him to us. Light, therefore, passes at the velocity of
95 millions of miles, our distance from the sun, in about 8
minutes, which is nearly 200 thousand miles in a second.

SaTURN.

788. The planet Saturn revolves round the sun in a pe-
riod of about 30 of our years, and at the distance from hiis
of 900 millions of miles. His diameter is 79,000 miles,
making his bulk nearly nine hundred times greater than
that of the earth, but notwithstanding this vast size, he re-
volves on his axis once in about ten hours. Saturn, there-
fore, performs upwards of 25,000 diurnal revolutions in one
of his years, and hence his year consists of more than 25,000
days; a period of time equal to more than 10,000 of our
days. On account of the remote distance of Saturn from
the sun, he receives only about a 90th part of the heat and
hght which we enjoy on the earth. But to compensate, in
some degree, for this vast distance from the sun, Saturn has
seven moons, which revolve round him at different distances,
and at various periods, from 1 to 80 days.

What occasions the eclipses of Jupiter'’s moons? Of what use are
these eclipses to astronomers? How is the velocity of light ascertain-
ed by the eclipses of Jupiter’s satellites? What is the time of Saturn’s
Wiodic revolution round the sun ? What ishis distance from the sun %

hat his diameter? What is the period of his diurnal revolution?
glow xgany days make a year at Saturn? How many moons has

aturn
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789. Satarn is distinguiehed from the other planets by his
ring, as Jupiter is by his belt. When this planet is viewed
through a telescope, he appears surrounded by an immense
luminous circle, which is represented by fig. 197.

There are indeed two luminous circles, or rings, one
within the other, with a dark siace between them, so that
they do not appear to touch each other. Neither does the
inner ring tot -
the ‘body of
planet, there
ing, b{ -esti
tion, about
distance ofthi
thousand m
between  th
The exter - e _—— N
circumference of the outer ring .is 640,000 miles, and its
breadih from the outer to the inner circumference, 7,20C
miles, or nearly the diameter of our earth. The dark space,
between the two rings, or the interval between the inner and
the outer ring, is 2,800 miles.

This immense appendage revolves round the sun with
the planet,—performs daily revolutions with it, and, accord-
ing to Dr. Herschel, is & solid substance, equal in density
to the body of the planet itself.

790. Tge design of Saturn’s ring, an appendage so vast,
and so different from any thing presented by the other plan-
ets, has always been a matter of speculation and inquiry
among astronomers. One of its most obvious uses appears
to be that of reflecting the light of the sun on the body of
the planet, and possibi it may reflect the heat also, so as in
some degree to soften the rigour of so inhospitable a climate.

791. As this planet revolves around the sun, one of its
sides is illuminated during one half of the year, and the
other side during the other half; so that, as Saturn’s year is
equal to thirty of our years, one of his sides will be en-
lightened and darkened, alternately, every fifteen years, as
the poles of our earth are alternately in the light and dark
every year.

Fig. 198 represents Saturn as seen by an eye, placed at

How is Saturn particularly distinguished from all the other planets
What distance is there between the body of Saturn and his inner ring 2
‘What distance is there between his inner and outer ring? What is
the circumference of the outer tinf‘l How long is one of Saturn’s sides

alternately in the light and dark oL
.
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right angles to the plane of his ring,. When seen from the
earth, his position is al- '
ways oblique, as
sented by fig. 198
The inner white
represents the bod
planet, enlightene
sun. The dark circ
to this, is the unenli
ed space between th
of the planet and
per ring, being the
expanse of the h
beyond the plapet.
two wh.ijehclr;i:: 8
rings of the el
tll:sg dark space betweenl :
them, which also is the dark expanse of the heavens.

HERscHEL.

792. In consequence of some inequalities in the motions
of Jupiter and Saturn, in their orbits, several astronomers
had suspected that there existed another planet beyond the
orbit of Saturn, by whose attractive influence these irregu-
larities were produced. The conjecture was confirmed by
Dr. Herschel, in 1781, who in that year discovered the
glanet, which is now generally known by the name of its

iscoverer, though called by him Georgium sidus. The
orbit of Hersche% is beyond that of Saturn, and at the dis-
tance of 1800 millions of miles from the sun. To the
naked eye this planet appears like a star of the sixth mag-
nitude, {eing, with the exception of some of the comets,
the most remote body, so far as is known, in the solar system.

793. Herschel completes his revolution round the sun in
nearly 84 of our years, moving in his orbit at the rate of
15,000 miles in an hour. His diameter is 35,000 miles,
so that his bulk is about eighty times that of the earth. The
light and heat of the sun at Herschel, is about 360 times
less than it is at the earth, and yet it has been found, by cal-

In what position is Saturn represented by fiz. 1987 What circum-
stance led to the discovery of Herschel? In what year, and by whom,
was Herschel discovered? 'What is the distance of Herschel from the
sun? In what period is his revolution round the sun performed 1
‘What is the diameter of Herschel? What is the quantig’y of light and
heat at Herschel, when compared with that of the earth

\



ASTRONOMY. 1Y

eulation, that this light is equal to 248 of our fall moons, a
striking proof of the inconceivable quantity of light emitted
by the sun.

This planet has six satellites, which revolve round him
at various distances, and in different times. The period of
some of these have been ascertained, while those of the
others remain unknown.

Fig. 199.

794. Relative situations of the Planets—Having now
given a short account of each planet composing the solar
system, the relative situation of their several orbits, with the
exception of those of the Asteroids, are shown by fig. 199.

In the figure, the orbits are marked by the signs of each
planet, of which the first, or that nearest the sun, is Mer«
cury, the next Venus, the third the Earth, the fourth Mars;
then come those of the Asteroids, then Jupiter, then Saturn,
and lastly Herschel.
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795. Comparaiive dimensions of the Planets.—The com-
parative dimensions of the planets are delineated at fig. 200.

. Fig. 200.
‘

h

s B (o

HMoon 0~

MoT10NS OF THE PLANETS.

796. It is said, that when Sir Isaac Newton was near de-
monstrating the great truth, that gravity is the cause which
keeps the Eeavenly bodies in their orbits, he became so agi-
tated with the thoughts of the magnitude and consequences
of his discovery, as to be unable to proceed with his demon-
strations, and desired his friend to finish what the intensity
of his feelings would not allow him to complete.

‘We have seen, in a former part of this work, that all un-
disturbed motion is straight forward, and that a body pro-
jected into open space, would continue, perpetually, to move
in a right line, unless retarded or drawn out of this course
by some external cause.

797. To account for the motions of the planets in their
orbits, we will suppose that the earth, at the time of its cre-
ation, was thrown by the hand of the Creator into open
space, the sun bhaving been before created and fixed in his
Present place,

798. Under Compound Motion, it has been shown, that
when a body is acted on by two forces perpendicular to each
other, its motion will be in a diagonal line between the di-
rection of the two forces.

But we will again here supgose that a ball be moving
in the line m =z, fig. 201, with a given force, and that

Suppose a body to be acted on by two forces ndicular to each
other, in what dir‘eﬁon will it movoy't . perpe»
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Fig. 201. another force half as
n ‘should strike it in the direc-
tion of n, the ball would
« M then describe the diagonal
» of a parallelogram, whose

» length would be just equal
: : : to twice its breadth, and the
o ’ line of the ball would be }
straight, because it would obey the impulse and direction
of these two forces only.
Fig. 202.

Now let a, fig. 202,
represent the earth, and
8 the sun ; and suppose
the earth to be moving
forward, in the line
from & to b, and to have
arrived at a, with a ve-
locity sufficient, in a

iven time, and without

isturbance, to have car-
ried it to 5. But at the
point a, the sun, S, acts
upon the earth with his
attractive power, and with a force which would draw it to ¢,
in the same space of time that it would otherwise have gone
to . Then tl;:e earth, instead of passing to 3, in a straight
line, would be drawn down to d, the diagonal of the parallel-
ogram a, b, d, c. The line of direction, in fig. 201, is
straight, because the body moved obeys only the direction
of the two forces, but it 1s curved from a to d, fig. 202, in
consequence of the continued force of the sun’s attraction,
which produces a constant deviation from a right line.

When the earth arrives at d, still retaining its projectile
or centrifugal force, its line of direction would be towards »,
but while 7t would pass along to » without disturbance, the
attracting force of the sun is again sufficient to bring it toe,
in a straight line, so that, in obedience to the two impulses,
it again describes the curve to o.

799. It must be remembered, in order to account for the
circular motions of the planets, that the attractive force of
the sun is not exerted at once, or by a single impulse. as is

‘Why does the ball, fig. 201, move in a straight line? Why does the
earth, fig. 202, move in a curved line? Explain fig. and show how
the two forces act to producs a circular line of motion
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the case with the cross forces, producing a straight line, out
that this force is imparted by degrees, and is constant. It
therefore acts e‘ti]ually on the earth, in all parts of the course
from a to d, and from d to 0. From o, the earth having the
same impulses as before, it moves in the same curved or cir-
cular direction, and thus its motion is continued perpetually.

800. The tendency of the earth to move forward in a
straight line, is called the centrifugal force, and the attrac-
tion of the sun_.:;ly which it is drawn downwards, or towards
a centre, is called its centripetal force, and it is by these two
forces that the planets are made to perform their constant
revolutions around the sun.

801. In the above explanation, it has been supposed that
the sun’s attraction, whicE constitutes the earth’s gravity, was
at all times equal, or that the earth was at an equal distance
from the sun, in all parts of its orbit. Baut, as heretofore ex-
plained, the orbits of all the planets are elliptical, the sun
peing placed in the lower focus of the eclipse. The sun’s

Fig. 203. attraction is, therefore,

e stronger in some parts of

their orbits than in

others, and for this rea-

son their velocities are

greater at some periods

of their revolutions than
at others.

To make this under-
stood, suppose, as before,
that the centrifugal and
centripetal forces so bal-
ance each other, that the
earth moves round the
circular orbit a e b, fig.
203, until it comes to the
point e; and at this point, let us suppose, that the gravitating
force is toostrong for the force of projection, so that the earth,
istead of continuing its former direction towards b, is attract-
ed by thesun s, in the curve ec. 'When at ¢, the line of the
earth’s projectile force, instead of tending to carry it farther
from the sun, as would be the case, were it revolving ina cir-

‘What is the projectile force of the earthcalled? What is the attract
ive force of the sun, which draws the earth towards him, called? Ex-
plain fig. 203, and show the reason wl;y the velocity is increased from
cto d, and why it is not retarded from d to g %
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eilar orbit, now tendsto draw it still nearer to him, so that at
this poiat, it is impelled by both forces towards thesun. From
<. therefore, the force of gravity increasing in proportion as
the square of the distance between the sun and earth dimin-
1shes, the velocity of the earth will be uniformly accelerated,
until it arrives at the point nearest the sun, d. Atthis part of
its orbit, the earth will have gained, by its increased velocity,
so much centrifugal force, as to give it a tendency to over-
come the sun’s attraction, and to fly off in the line 4 0. But
the sun’s attraction being also increased by the near approach
of ‘the earth, the earth is retained in its orbit, notwithstand-
- Ing its increased centrifugal force, and it therefore passes
through the opposite part of its orbit, from d to g, at the
same distance ll:om him that it approached. As the earth
passes from the sun, the force of gravity tends continually
to retard its motion, as it did to increase it while approach-
ing him. Baut the velocity it had acquired in approaching
the sun, gives it the same rate of motion from d to g, that
it had from ¢ to d. From g, the earth’s motion is uni?;rmly
retarded, until it again arrives at ¢, the point from which it
commenced, and from whence it describes the same orbit,
by virtue of the same forces, as before.

The earth, therefore, in its journey round the sun, moves
at very unequal velocities, sometimes being retarded, and
then again accelerated, by the sun’s attraction. '

802. It is an interesting circumstance, respecting the

Fig. 204. motions of the planets, that
if the contents of their or-
bits be divided into une-
qual triangles, the acute
angles of which centre at
the sun, with the line of
the orbit for their bases,
the centre of the planet
will pass through each of
A these bases in equal times.

This will be understood
by fig. 204, the elliptical
circle being supposed to be
the earth’s orbit, with the
sun, s, in one of the foci.

Now the spaces 1, 2, 3,
&c. though of diffrrent

Whatis meant by a plane/’s passing through equal spaces in equal times 3
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shapes, are of the same dimensions, or contain the same
Juantity of surface. The earth, we have already seen, in
its joumezl round the sun, describes an ellipse, and moves.
more rapidly in one part of its orbit than in another. But
whatever may be its actual velocity, its comparative motion
18 through equal areas in equal times. Thus its centre
passes from E to C, and from C to A, in the same period of
time, and so of all the other divisions marked in the figure.
If the figure, therefore, be considered the plane of the earth’s
orbit, divided in 12 equal areas, answering to the 12 months
of the year, the earth will pass through the same areas in
every month, but the spaces through which it passes will be
increased, during every month, for one half the year, and
diminished, during every month, for the other half.

803. The reason why the planets, when they approach
near the sun, do not fall to him, in consequence of his in-
creased attraction, and why they do not fly off into open
space, when they recede to the greatest distance from him,
may be thus explained.

804. Taking the earth as an example, we have shown
that when in the part of her orbit nearest the sun, her velo-
city is greatly increased by his attraction, and that conse-

uently the earth’s centrifugal force is increased in propor-
tion. As an illustration of this, we know that a thread
which will sustain an ounce ball, when whirled round in the
air, at the rate of 50 revolutions in a minute, would be
broken, were these revolutions increased to the number of
60 or 70 in a minute, and that the ball would then fly off jp
a straight line. This shows that when the motion of a re-
volving body is increased, its centrifugal force is also in-
cr N‘;w, the velocity of the earth increases in an
inverse proportion, as its distance from the sun diminishes.
and in proportion to the increase of velocity is its centrifugal
force increased ; so that, in any other part of its orbit, except
when nearest the sun, this increase of velocity would carry
the earth away from its centre of attraction. But this in-
. crease of the earth's velocity is caused by its near approach
«0 the sun, and consequently the sun’s attraction is increased,
as well as the earth’s velocity. In other terms, when the

How is it shown, that if the motion of a revolving body is increas-
ed, its projectile force is also increased 7 By what forceis the earth’s ve.
Jocitv increased, as it approaches the sun? When the earth is nearest
the sun, why does it not fall to him? When theearth’s centrifugal force
is greatest, what prevents its flying to the sun?
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centrifagal force is increased, the centripetal foree is: in-
creased in proportion, and thus, while the centrifugal force
prevents the earth from falling to the sun, the centripetal
force prevents it from moving off in a straight line.

805. When the earth is in that part of its orbit most
distant from the sun, its projectile velocity being retarded by
the counter force of the sun’s attraction, becomes greatly
diminished, and then the centripetal force becomes stronger
than the centrifugal; and the earth is again brought back by
the sun’s attraction, as before, and in this manner its motion
goes on without ceasing. It is supposed, as the planets
move through spaces void of resistance, that their centrifugal
forces remain the same as when they first emanated from the
hand of the Creator, and that this force, without the influence
of the sun’s attraction, would carry them forward into infinite
space. '

THE EarTH.

806. It is almost universally believed, at the present day, -
that the apparent daily motion of the heavenly bodies from
east to west, is caused by the real motion of the earth from
west to east, and_yet there are comparatively few who have
examined the evid):ence on which this belief 1s founded. For
this reason, we will here state the most obvious, and to a
common observer, the most convincing proofs of the earth’s
revolution. These are, first, the inconceivable velocity of
the heavenly bodies, and particularly the fixed stars around
the earth, if she stands still. Second, the fact, that all as-
tronomers of the present age agree that every phenomenon
which the heavens present, can be best accounted for, by
«upposing the earth to revolve. Third, the analogy to be
drawn from many of the other planets, which are known to
revolve on their axis; and fourth, the different lengths of
days and nights at the different planets, for did the sun re-
vo{ve about the solar system, the days and nights at many
of the planets must be of similar lengths.

807. The distance of the sun from the earth being 95
millions of miles, the diameter of the earth’s ‘orbit is twice
its distance from the sun, and, therefore, 190 millions of
miles. Now, the diameter of the earth’s orbit, when seen
" {rom the nearest fixed star, is a mere point, and were the

‘What are the most obvious and convincing proofs that the earth re-
volves on its axis? Were the earth’s orbit a solid mass, could it be
seen by us, at the distance of the fixed stars 1
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orbit a solid inass of opaque ‘matter, it could not be ‘seen,
with such eyes as ours, from such a distance. This is known
by the fact, that these stars appear no larger to us, even
when our sight is assisted by the best telescopes, when the
earth is in that part of her orbit nearest them, than when at
the greatest distance, or in the opposite part of her orbit.
The approach, therefore, of 190 millions of miles towards
the ﬁxetf stars, is so small a part of their whole distance
from us, that it makes no perceptible difference in their ap-

rance. Now, if the earth does not turn on her axis once
in 24 hours, these fixed stars must revolve around the earth
at this amazing distance once in 24 hours. 'If the sun
passes around the earth in 24 hours, he must travel at the
rate of nearly 400,000 miles in & minute ; but the fixed stars
are at least 400,000 times as far beyond the sun, as the sun
is from us, and, therefore, if they revolve around the earth,
must go at the rate of 400,000 times 400,000 miles, that is,
at the rate of 160,000,000,000, or 160 billions of miles in a
" minute; a velocity of which we can have no more concep-
tion than of infinity or eternity.

808. In respect to the analogy to be drawn from the
known revolutions of the other planets, and the different
lengths of days and nights among them, it is sufficient to
state, that to the inhabitants of Jupiter, the heavens appear
to make a revolution in about 10 hours, while to those of
Venus, they appear to revolve once in 23 hours, and to the
inhabitants of tg?other planets a similar difference seems
to take place, depending on the periods of their diurnal re-
volutions. Now, there is no more reason to suppose that
the heavens revolve round us, than there is to suppose that
they revolve around any of the other planets, since the same
apparent revolution is common to them all; and as we know
that the other planets, at least many of them, turn on their
axis, and as a_lfthe phenomena presented by the earth, can
be accounted for by such a revolution, it is follyto conclude
otherwise.

Suppose the earth stood still, how fast must the sun move to go
round it in 24 hours ? At what rate must the fixed stars move to go
roynd the earth in 24 hours? If the heavens appear to revolve every
10 hours at Jupiter, and every 24 hours at the earth, how can this dif-
ference be accounted for, if they revolve at all? Is there any more
reason to believe that the sun revolves round the earth, than round any
of the other planets? How can all the phenomena of the heavens he
accounted for, if they do not revolve 7

- .
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. Circles and Divisions of the Earth.

809. Tt will be necessary for the pupil to retain in his
memory the names and directions of the following lines, or
s:ircles, by which the earth is divided into parts. These lines,
it must be understood, are entirely imaginary, there being no
such divisions marked by nature on the earth’s surface.
They are, however, so necessary, that no accurate descrip-
tion of the earth, or of its position with respect to the hea
venly bodies, can be conveyed without them.

Fig. 205. : The earth, whose

diameter is 7912
miles, is represented
by the gfobe, or
sphere, fig. 205.
The straight line
passing thro’ its cen-
tre, and about which
c . - p it turns, is called its
. azis, and the two ex-

- tremities of the axis

L M are the poles of the

. earth, A being the
north pole, and B the
~ south pole. The
G line C D, crossing

- the axis, passes quite
- round the earth, and divides it into two equal parts. This
is called the equinoctial line, or the equator. That part of
the earth, situated north of this line, is called the northern
hemisphere, and that part south of it, the southern hemi-
sphere. The small circles E F, and G H, surrounding or
including the poles, are called the polar circles. That sur-
rounding thenorth poleiscalled the arctic circle, and that sur-
rounding the south, the antarctic circle. Between these cir-
cles, there is, on each side of the equator, another circle,
which marks the extent of the tropics towards the north and
south, from the equator. That to the north of the equator,
1 K, is called the tropic of Cancer, and that to the south,
L M, the tropic of Capricorn. The circle L K, extending

‘What is the axis of the earth? What are the poles of the earth ?
‘What is the equator? Where are the northern and southern hemis+
5}:"” ? What are the polar cireles % Which is the arctic, and which

antarctic cirele V&gere is the tropic of Cancer and whens the
tropic of Capricorn ?. : . )

E F
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obliquely across the two tropics, and crossing the axis of the
earth, and the ?uator at-their point of intersection, is called
the ecliptic. This circle, as already explained, belongs
rather to the heavens than the earth, bemng an imaginary
extension of the plane of the earth’s orbit in every direction
towards the'stars. The line in the figure, shows the com-
parative position or direction of the ecliptic in respect to the
equator, and the axis of the earth.

The lines crossing those already described, and meeting
at the poles of the earth, are called meridian lines, or mid-
day lines, for when the sun is on the meridian of a place, it
is the middle of the day at that place, and as these lines ex-
tend from north to south, the sun shines on the whole length
of each, at the same time, so that it is 12 o'clock, atthe same
time, on every place situated on the same meridian.

The spaces on the earth, between the lines extending from
east to west, are called zones. That which lies between the
tropics, from M to K, and from I to L, is called the torrid
Zone, because it comprehends the hottest portion of the
earth. The spaces which extend from the tropics, north
and south, to the polar circles, are called temperate zones,
because the climates are temperate, and neither scorched
with heat, like the tropics, nor chilled ‘with cold, like
the frigid zones. That lying north of the tropic of Cancer,
is called the north temperate zome, and that south of the
tropic of Capricorn, the south temperate zone. The spaces
included within the polar circles, are called the frigid
zones. The lines which divide the globe into two equal
parts, are called the great circles ; these are the ecliptic and
the equator. Those dividing the earth into smaller parts
are called the lesser circles ; these are the lines dividing the
tropics from the temperate zones, and the temperate zones
from the frigid zones, &c. - »

810. Horizon.—The horizon is distinguished into the.
sensible and rational. The sensible horizon is that portion
of the surface of the earth which bounds our vision, or the
circle around us, where the sky seems to meet the earth.
When the sun rises, he appears above the sensible horizon,
and when he sets, he sinks below it. The rational horizen

‘Whoeis the ecliptic? What are the meridian lines? Or «uoy
part of the earth is the torrid zone? How are the north ard -.outh
temperate zones bounded? ‘Where are the frigid zones ? "W¥.cli ar-
ﬁnm:ndwhhhthebsmcuclaofmeunh‘l How is the sensi.
bls distinguished from the rational ? ’

-
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is w4 imaginary line passing through the centre of the earth,
and dividing it into two e%ml' parts. -

811. Direction of the Ecliptic—The ecliptic, (758) we
have already seen, is divided into 360 equal parts, called
degrees. All circles, however large or small, are divided
into degrees, minutes, and seconds, in the same manner as
the ecliptic.

812. The azis of the ecliptic is an imaginary line pass-
ing through. its centre and perpendicular to its plane. The
extremities of this perpendicular line, are called the-poles of
the ecliptic.

If the ecliptic, or great plane of the earth’s orbit, be con-
sidered on the horizon, or parallel with it, and the line of .
the earth’s axis be inclinedp:o the axis of this plane, or the
axis of the ecliptic, at an angle of 234 degrees, 1t will repre-
sent the relative positions of the orbit, and the axis of the
earth. These positions are, however, merely relative, for
if the position of the earth’s axis be represented perpendicu-
lar to the equator, as A B, fig. 205, then the ecliptic will
cross this plane obliquely, as in that figure,. But when the
earth’s orbit is considered as having no inclination, its axis,
of course, will have an inclination, to the axis of the ecliptic,
of 234 degrees.

As the Orbits of all the other planets are inclined to the
ecliptic, perhaps it is the most natural and convenient method
to consider this as a horizontal plane, with the equaior in-
clined to it, instead of considering the equator on the plane
of the horizon, as is sometimes done. ’

813. Inclination of the EartN's azis.—The inclination
of the earth’s axis to the axis of its orbit never varies, but
always makes an angle with it of 23} degrees, as it moves
round the sun. The axis of the earth is therefore always
parallel with itself. That is, if a line be drawn through
the centre of the earth, in the direction of its axis, and ex-
tended north and south, beyond the earth’s diameter, the line
so prodaced will always be parallel to the same line, or any
aumber of lines, so drawn, when the earth is in different
parts of its orbit.

How are circles divided? 'What is the axis of the ecliptic? ‘What
are the poles of the ecliptic? How many degrees is the axis of the earth
melinenf:o that of the ecliptic? What is said concerning the relative
positions of the earth’s axis and the l?lane of the ecliptic? Are the
arbits of the other planets parallel to the earth’s orbit, or inclined to it
What is meant by the earth’s ;;is being parallel to itself ?
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814. Buppose a rod to be fixed .i'o the flat surface of &
table, and so inclined as to make 24 angle with a perpen-
dicular from the table of 23} degrees. Let this rod repre-
sent the axis of the earth, and the surface of the table, the
ecliptic, Now place on the table a lamp, and round the

hold a wire circle three or four feet in diameter, so
that it shall be parallel with the plane of the table, and as
high above it as the flame of the lamp. Having prepared
a small terrestrial globe, by passing a wire through it for
an axis, and letting it project a few inches each way, for the
poles, take hold of the north pole, and carry it round the
circle, with the poles constantly parallel to the rod rising
above the table, The rod being inclined 23} degrees from
a perpendicular, the poles and axis will be inclived in the
same and thus the axis of the earth will be inclined
to that of the ecliptic every where in the same degree, and
lines drawn .in the direction of the earth’s axis will be paral-
lel to each other in any paFrit‘ ogoiés orbit.

This will be ynderstood by fig. 206, where it will be seen.
that the poles of the earth, in the several positions of A, B,
C, and D, bem% equally inclined, are parallel to each other.
Snppoaing the lamp to represent the sun, and the wire circle
the earth’s orbit, the actual position of the earth, during its

How does it appear by fig. 206, that the axis of the earth .is parallel
to itaclf, in all paris of its orbit ? ' How are the annual and diurnal re-
volutions of the earth illustrated by fig. 206.

~
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annual’ revolution around the sun, will be comprehended :
and if the globe be turned on its axis, while passing round
the lamp, the diurnal or daily revolution of the earth will
also be represented. ‘

Day ano NienrT.

815. Were the direction of the earth's axis perpendicular

. to the plane of its orbit, the days and nights would be of

equal length all the year, for then just one half of the earth,
from pole to pole, would be enlightened, and at the same
time the other half would‘l:e in darkness.

ig. 207.

% -

Suppose the line s o, fig. 207, from the sun to the earth,
to be the plane of the earth’s orbit, and that » s, is the axis
of the earth perpendicular to it, then it is obvious, that ex-
actly the same points on the earth would constantly pass
through the alternate vicissitudes of day and night; for all
who live on the meridian line between n and s, which line
crosses the equator at o, would see the sun at the same time,
and consequently, as the earth revolves, would pass into the
dark hemisphere at the same time. Hence in all parts of
the globe, the days and nights would be of equal length, at
any given place. .

816. Now it is the inclination of the earth’s axis, as above
described, which causes the lengths of the days and nights
to differ at the same place at different seasons of the year,
for on reviewing the position of the globe at A, fig. 206, it
will be observed, that the line formed by the enlightened
and dark hemispheres, does not coincide with the line of the
axis and poles, as in fig. 207, but that the line formed by
the darkness and the light, extends obliquely across the line
of the earth’s axis, so that the north l;:ole is in the light,
while the south is in the dark. In the position A, there-
fore, an observer at the north pole would see the sun con-

Explain, by fig. 207, why the days and nights would every where
be equal, were the axis of the earth icular to the plane of his
orbit3 What is the cause of the lengths of the days and nights
in different parts of the world 7



260 RARTH. .
stantly, while another at the south pole, would not sée it at

all. Hence those living in the north temperate zone, at the
season of the year when the earth isat A, or in the summer,
would have long days and short nights, in proportion as they
approached the polar circle; while those wKo live in the
south temperate zone, at the same time, and when it would
be winter there, would have long nights and short days in
the same proportion.
SEAsoNs oF THE YEAR,

817. The vicissitudes of the seasons are caused by the
annual revolution of the earth around the sun, together with
the inclination of its axis to the plane of its orbit.

It has already beén ex‘flained, that the ecliptic is the plane
of the earth’s orbit, and is supposed to be faced on a level
with the earth's horizon, and hence, that this plane is con-
sidered the standard, by which the inclination of the lines
crossing the earth, and the obliquity of the orbits of the other
planets, are to be estimated.

818. The equinoctial line, or the great circle passing
round the middle of the earth, is inclined to the ecliptic, as
well as the line of the earth's axis, and hence in passing
round the sun, the Fig. 208.
equinoctial  line c
intersects, Or cross-
es the ecliptic, in
two places, oEpo~
site to each other.

Suppose a b, fig. e :

208, o bo " the e b 2 Y
ecliptic, ¢ f, the |
equator, and ¢ d, 1£

the earth’s axis.

The ecliptic and

equator are sup-

posed to be seen

edgewise, so as to a

appear like lines instead of circles. Now it will be under-
stood by the figure that the inclination of the equator to the
ecliptic, (or the sun's apparent annual path through the
heavens,) will cause these lines, namely, the line of the equa.
tor and the line of the ecliptic, to cut, or cross each other,

‘What are the causes which produce the seasons of the year? In
what position is the equator, with respect to the ecliptic 1

.
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as the sun makes his apparent annual revolution, and that:
this intercession will happen twice in the year, when the
earth is in the two opposite points of her orbit.

These periods are on the 21st of March, and the 21st of
September, in each year, and the points at which the sun is
seen at these times, are called the equinoctial points. That
which happens in September is called the autumnal equi-
nox, and that which happens in March, the vernal equinox.
At these seasons, the sun rises at 6 o'clock and sets at 6
o'clock, and the days and nights are equal in length in every
part of the globe. .

819. The solstices are the points where the ecliptic and
the equator are at the greatest distance from each other. The
earth, in its yearly revolution, passes through each of these
points. One is called the summer, and the other the winter
solstice. The sun is said to enter the summer solstice on
the 21st of June; and at this time, in our hemisphere, the
days are longest, and the nights shortest. On the 21st of
December, he enters his winter solstice, when the length of

the days and nights are reversed from what they were in

June before, the days being shortest, and the nights longest.

Having learned these explanations, the student will be
able to understand in what order the seasons succeed each
other, and the reason why such changes are the effect of the
earth’s revolution,

820. Suppose the earth, fig. 209, to be in her summer
solstice, which takes place on the 21st of June. At this pe-
riod she will be at g, having her north pole, 2, so inclined
towards the sun, that the whole arctic circle will be illumi-
nated, and consequently the sun’s rays will extend 23} de-
grees, the breadth of the polar circles, beyond the north
pole. The diurnal revolution, therefore, when the earth is
at a, causes no succession of day and night at the pole, since
the whole frigid zone is within the reach of his rays. The
people who live within the arctic cirele will, consequently,
at this time, enjoy perpetual day. During this period, just

At what times in the year do the line of the ecliptic and that of the
inox intersect each other? What are these points of intersection
called? Which is the autumnal, and which the vernal equinox? At
what time does the sun rise and set, when he is in the equinoxes }
‘What are the solstices? When the sun enters the summer solstice,
what is said of the length of the deys and nights? When does the
sun enter the winter solstice, and what is the proportion between the
length of the days and nights? At what seasor of the year is the
whole arctic c.u‘cﬁ illuminated ?

NUEREE N



the same proportion of the earth that is enlightened in the
northern hemisphere, will be in total darkness in the oppo-
site region of the southern hemisphere; so that while the
people of the north are blessed with perpetual day, those %f
the south are groping in perpetual night. Those who live
near the arctic circle in the north temperate zone, will, du-
ring the winter, come, for a few hours, within the regions of
hight, by the earth’s diurnal revolution ; and the greater the
distance from the circle, the longer will be their nights, and
the shorter their days. Hence, at this season, the days will
be longer than the nights everywhere between the equator
and the arctic circle. At the equator, the days and nights
will be equal, and between the equator and the south polar
circle, the nights will be longer than the days, in the same
proportion as the days are longer than the nights, from the
" equator to the arctic circle. :

As the earth moves round the sun, the line which divides
the darkness and the light, gradually approaches the poles,
till having performed one quarter of her yeéarly journey
from the point.a, she comes to b, about the 21st of Sep-
tember, At this time, the boundary of light and darkness

theA‘ wliat uuoul;n is t!::hwholle antaretic circlel gn the hdark ‘:MWhila

e near the no e enjo; ual day, what is the situa-
tionp:t?l:hose near the aoufl? le’l yA}:e:vpl?at seas}:m will the days be
longer than the nights everywhere between the equator and the arctic
circle? At what season erI the nights be longer than the days in the
southern hemisphere? When will ﬁne days and nights be equal in al}
parts of the earth ? : :



‘EARTH. : 263

passes through the poles, dividing the earth equally from
east to west; and thus in every part of the world, the days
and nights are of equal length, the sun being 12 hours al-
ternately above and below the horizon. In this position of
the earth, the sun is said to be in the autumnal equinoz.

In the progress of the earth from b to ¢, the light of the
sun gradually reaches a little more of the antarctic circle.
The days, therefore, in the northern hemisphere, grow
shorter at every diurnal revolution, until the 2lst of De-
cember, when the whole arctic circle is involved in total
darkness. And now, the same places which enjoyed con-
stant day in'the June before, are involved in perpetual night.
At this time, the sun, to those who live in the northern hemi-
sphere, is said to be in his winter solstice; and then the
winter nights are just as long as were the summer days,
and the winter days as long as the summer nights.

When the earth has%one another quarter of her annual
journey, and has come to the point of her orbit opposite to
where she was on the 21st of September, which happens on
the 21st of March, the line dividing the light from the dark-
ness again passes through both poles. In this position of
the earth with respect to the sun, the days and nights are
again equal all over the world, and the sun is said to be in
his vernal equinoz.

From the vernal equinox, as the earth advances, the
northern hemisphere enjoys more and more light, while the
southern falls into the region of darkness, in proportion, so
that the days north of the equator increase in length, until
the 21st of June, at which time, the sun is again longest
above the Borizon, and the shortest time below it.

821. Thus the apparent motion of the sun from east to
- west, is caused by the real motion of the earth from west to-
east. If the earth is in any point of its orbit, the sun will
always seem in the opposite point in the heavens. When
the earth moves one tﬁzgree to the west, the sun seems to
move the same distance to the east ; and when the earth has
completed one revolution in its orbit, the sun appears te
have completed a revolution through the heavens. Hence
it follows, that the ecliptic, or the apparent path of the sun

At what season of the year is the whole arctic circle involved in
darkness? When are the days and nights equal all over the world
When is the sun in the vernal equinox? What is the causeof the ap-
parent motion of the sun from east to west? What is the apparent
nath of the sun, but the real path of the earth? :
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t:rough the heavens, is the real path of the earth round
the sun.

822. It will be observed by a careful perusal of the above -
explanation of the seasons, and a close inspection of the fig-
ure by which it is illustrated, that the sun constantly shines
on a portion of the earth equal to 90 degrees north, and 90
degrees south, from his place in the heavens, and, conse-
quently, that he always enlightens 180 degrees, or one half
of the earth. If therefore, the axis of the earth were per-
pendicular to the plane of its orbit, the days and nights
would everywhere be equal, for as the earth performs its
diurnal revolutions, there would be 12 hours day, and 12
hours night. But since the inclination of its axis is 23}
degrees, the light of the sun is thrown 23} degrees beyond
the north pole; that is, it enlightens the earth 23} degrees
further in that direction, when the north pole is turned to-
wards the sun, than it would, had the earth’s axis no incli-
nation. Now, as the sun’s light reaches only 90 degrees
north or south of his place in the heavens, so when the arc-
tic circle is enlightened, the antarctic circle must be in the
dark ; for if the light reaches 234 degrees beyond the north
pole, it must fall 233 degrees short of the south pole.

823. As the earth travels round the sum, in his yearly
circuit, this inclination of the poles is alternately towards
and from him. During our winter, the north polar region
is thrown beyond the rays of the sun, while a correspond-
" ing portion around the south pole enjoys the sun’s light.
And thus, at the poles, there are alternately six months of
darkness and winter, .and six months of sunshine and sum-
mer. While we, in the northern hemisphere, are chilled
by the cold blasts of winter, the inhabitants of the southern
hemisphere are enjoying all the delights of summer; and,
while we are scorched by the rays of a vertical sun in June
and July, our southern neighbours are shivering with the
rigours of mid-winter.

At the equator, no such changes take place. The rays "
of the sun, as the earth passes round him, are vertical twice
a year at every place between the tropics. Hence, at the

Had the earth’s axis no inclination, why would the days and nights
always be equal? How many degrees does the sun’s light reach, north
and south of him, on the earth? During our winter, is she north pole
turned to or from the sun 7 At the poles, how many days and nights
are there in the year? When it is winter in the northern hemisphere,
what, is the season in the southern hemisphere? -
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equator, there are two summers and no winter, and as the
sun there constantly shines on the same half of the earth in
succession, the days and nights are always equal, there being
12 hours of light, and 12 of darkness.

824. MoTioN or THE EArTH.—The motion of the earth
round the sun, is at the rate of 68,000 miles in an hour,
while its motion on its own axis, at the equator, is at the
rate of about 1042 miles in the hour. The equator, being
that part of the earth most distant from its axis, the motion
there is more rapid than towards the poles, in proportion to
its greater distance from the axis of motion. See fig. 16.
. (174
( 822. The method of ascertaining the velocity of the earth’s
motion, both in its orbit and round its axis, 18 simple, and
easily understood ; for by knowing the diameter of the earth’s
orbit, its circumference is readily found, and as we know
how long it takes the earth to perform her yearly circuit,
we have only to calculate what part of her journey she goes
through in an hour. By the same principle, the hourly
rotation of the earth is as readily ascertainedt.) :

We are insensible to these motions, because not only the *
earth, but the atmosphere, and all terrestrial things, partake
of the same motion, and there is no change in the relation
of objects in consequence of it. If we look out at the win-
dow of a steam-boat, when it is in motion, the boat will seem
to stand still, while the trees and rocks on the shore appear
to pass rapidly by us.. This deception arises from our not
having any object with which to compare this motion, when
shut up in the boat; for then every object around us keeps
the same relative position. And so, in respect to the motion
of the earth, having nothing with which to compare its
movement, except the heavenly bodies, when the earth moves
in one direction, these objects appear to move in the con-
trary direction.

Cavses oF THE HEAT AxD CoLD or THE SEASONS.

826. We have seen that the earth revolves round the sun
in an elliptieal orbit, of which the sun is one of the foci, and
consequently, that the earth is nearest him, in one part of
her orbit than in another. From, the great difference we

At what rate does the earth move around the sun? How fast does
it move around its axis at the equator? How is the velocity of the
earth ascertained ? 'Why are we insensible of the earth’s motion ?

2



experience between the heat of summer and that of winter;
we should be led to suppose that the earth must be much
nearer the sun in the hot season than in the cold. But when
we come to inquire into this subject, and to ascertain the dis-
tance of the sun at different seasons of the year, we find that
the great source of heat and light is nearest us during the
cold of winter, and at the greatest distance. during the hear
of summer. : :
827. It has been explained, under the article Optics, thas
the angle of vision depends on the-distance at which a body
of given dimensions is seen.. Now, on measuring the an-
g:}l‘ar dimension of the sun, with accurate instruments, at
ifferent seasons of the year, it has been found that his di-
mensions increase and diminish, and that these variations
correspond exactly with the supposition, that the earth
moves in an elliptical orbit. If| for instance, his apparent
diameter be taken in March, and then again in July, it will
be found to have diminished, which diminution is only to
be accounted for, by supposing that he is at a greater dis-
tance from the observer in July than in March. From.
July, his angular diameter gradually increases, till January,
when it again diminishes, and continues to diminish, until
July. By many observations, it is found, that the greatest
apparent diameter of the sun, and therefore his least distance
from us, is in January, and his least diameter, and there-
fqre his greatest distance, is in July. The actual difference
is about three millions of miles, the sun being that distance
further from the earth in July than in January. This,
however, is only about one sixtieth of his mean distasice
from us, and the difference we should experience in his
heat, in consequence of this difference of distance, will there-
fore be very small. Perhaps the effect of his proximity to
the earth may diminish, in some small degree, the severity
of winter.
828. The heat of summer, and the cold of winter, must
therefore arise from the difference in the meridian altitude _
of the sun, and in the time of his continuauce above the

At what season of the year is the sun at the greatest, and at what
season the least distance, from the carth? How is it ascertained that
the earth moves in an elliptical orbit, by the appearance of the sun 1
‘When does the sun appear under the greatest apparent diameter, and
when under the'least? How much farther is the sun from us in July
than in January? What effect does this difference produce on the
mh "2 How is the heat of summer, and the cold of winter, accounts

for

-
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horizon. In summer, the solar rays fall on the earth, in
nearly a perpendicular direction, and his powerful heat is
then constantly accumulated by the long days and short
nights of the season. In winter, on the contrary, the solar

‘rays fall so obliquely on the earth, as to produce little
warmth, and the small effect they do produce' during the
short days of that season, is almost entirely destroyed by the
long nights which succeed. The difference between ths
effects of perpendicular and oblique rays, seems to depend,
in a great measure, on the different extent of surface over
which they are spread. When the rays of the sun are made
to pass through a convex lens, the heat is increased, because
the number of rays which naturally covered a large surface,
are then made to cover a smaller one, so that the power of
the glass depends on the number of rays thus brought to a
focus. If, on the contrary, the rays of the sun are suffered
0 through a concave lens, their natural heating power
is Kia:inished, because they are dispersed, or spread over a
wider surface than before.

829. Now, to apply these different effects to the summer
and wintet rays of the sun, let us suppose that the rays fall-
ing perpendicularly Fig. 210.
on a given extent of
surface, impart to it a
certain degree of heat,
then it is obvious, that
if the same number of
rays be spread over
twice that extent of
surface, their heating
power would be di-
minished in propor-
tion, and that only half
the heat would be im- _
parted. This is the
effect produced by the
sun’s rays in the win-
ter. They fall so obliquely on the earth, as to occupy near-
ly double the space that the same number of rays do in the
summer.

‘Why do the perpendicular rays of summer produce greater effects
than the oblique rays of winter? How is this illustrated by the con-
vex and concave lenses? How is the actual difference of the summer
and winter rays shown ?
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T'his is illustrated by fig. 210, where the number of rays;
both 1n winter and summer, are supposed to be the same.
But, it will be observed, that the winter rays, owing to their
oblique direction, are spread over nearly twice as much sur-
face as those of summer. ’

830. It may, however, be remarked, that the hottest sea-
son is not usually at the exact time of the year, when the
sun is most vertical, and the days the longest, as is the case
towards the end of June, but some time afierwards, as in
July and August. :

o account for this, it must be remembered, that when
the sun is nearly vertical, the earth accumulates more heat
by day than it gives out at night, and that this accumulation
continues to increase after the days begin to shorten, and,
consequently, the greatest elevation of temperature is some
time after the lonfest days. For the same reason, the ther-
mometer generally indicates the greatest degree of heat at
two or three o’clock on each day, and not at twelve o’clock,
when the sun’s rays are most powerful.

F1euRs or THR EARTH.

831. Astronomers have proved that all the planets, to-
gether with their satellites, Bave the shape of the sphere, or
globe, and hence, by anaIOﬁy. there was every reason to
suppose, that the earth would be found of the same shape;
and several phenomena tend to prove, beyond all doubt, tﬁeat
this is its form. The figure of the earth is not, however,
exactly that of a globe, or ball, because its diameter is about
34 miles less from fmle to pole, than it is at the equator.
But that its general figure is that of a sphere, or ball, is
proved by many circumstances.

832. When one is at sea, or standing on the seashore,
the first part of a ship seen at a distance, is its mast. As
the vessel advances, the mast rises higher and higher above
the horizon, and finally the hull, ang whole ship, become
visible. Now, were the earth's surface an exact plane, no
such arpearance would take place, for we should then see
the hull long before the mast or rigging, Lecause it is much
the largest object.

‘Why is not the hottest season of the year at the period when the
days are longest, and the sun most vertical? 'What is the general fi
ure of the earth? How much less is the diameter of the earth at t|

les than at the :}uator ? How is the convexity of the earth praved,

y the approach of a ship at sea ? o .
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Fig. 1L

1t will be plain by fig. 211, that were the ship, a, eleva-
ted, so that the hull should be onr a horizontal line with the
eye, the whole ship would be visible, instead of the topmast, -
there being no reason, except the convexity of the earth, why

the whole ship should not be visible at 4, as well as at 5.

* We know, for the same reason, that in passing over a
hill, the to;s of the trees are seen, before we can discover
the ground on which they stand ; and that when a man ap-
roaches from the opposite side of a hill, his head is seen
fore his feet.

It is a well known fact also, that navigators have set out
from a particular port, and by sailing continually westward,
have.passed around the earth, and. again reached the port
from which they sailed. This could never happen, were
the earth an extended plain, since then the longer the navi-
gtor sailed in one direction, the further he would be from

ome. :

Another proof of the spheroidal form of the earth, is the
figure of its shadow on the moon, during eclipses, which
shadow is always bounded by a circular line.

These circumstances prove beyond all doubt, that the
form of the earth is globular, but that it is not an exact
sﬂhere; and that it is depressed or flattened at the poles, is
shown by the difference in the lengths of pendulums vibra-
ting seconds at the poles, and at the equator.

833. Under the article pendulum, it was shown that its
vibrations depend on the attraction of gravitation, and that as
‘he centre of the earth is the centre of this attraction, so the
pearer this instrument is carried to that point, the stronger
will be the attraction, and consequently 5\2 more frequent
its vibrations. .

From a great number of experiments, it has been found

Explain fig. 211. What other proofs of the globular shape of the
earth are mentioned 7 How is it proved by the vibrations of the pen-
dulum, that the earth is flattened at the poles 1

g
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that a pendulum, which vibrates seconds at the equator, has
its pumber of vibrations increased, when it is carried to-
wards the poles; and as its number of vibrations depends
upon its length, a clock which keepe accurate time at the
equator, must have its pendulum i:ngthened at the poles.
And so, onthe contrary, a clock going correctly at, or near
the poles, must have its pendulum shortened, to keep exacx
time at the equator. Hence the force of gravity is greates
at the poles, and least at the equator.

The maoner in which Fig. 212,
the figure of the earth dif Vi)
fers from that of a sphere,
is represented by fig. 212,
where a is the north pole,
and s the south pole, the line
from one of these points to
the other, being the axis of
the earth, and the line cross- |
ing this, the equator. It will
be seen by this figure, that
the surface of the earth, at
the poles, is nearer its centre,
than the surface at the equa-
tor. The actual difference between the polar and equatorial
diameters is in the proportion of 300 to 301. The earth is
therefore called an oblate spheroid, the word oblate signify
ing the reverse of oblong, or shorter in one direction than
in another.

834. The compression of the earth at the poles, and the’
consequent accumulation of matter at the equator, is proba-
bly the effect of its diurnal revolution, while it was in a soft
or plastic state. If a ball of soft clay, or putty, be made to
revolve rapidly, by means of a stick passed through its cen-
tre, as an axis, it will swell out in the middle, or equator,
and be depressed at the poles, assuming the precise figure
of the earth. 'This figure is the natural and obvious conse-
-quence of the centrifugal force, which operates to throw the
matter off, in proportion to its distance from the axis of mo~
tion, and the rapidity with which the ball is made to revolve.

In what propottion is the polar less than the equatorial diameter
‘What is the earth called, in reference to this figure? How is it su
sed that it came to have this form? How is the form of the earth 1l-
ustrated by experiment? Explain the reason why-a plastic ball will
swell at the equator, when made to revolve, -
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‘Phe parts abent the equator would therefore tend to fly off;-
and leave the other parts, in consequence of the centrifugal
force, while those about the poles, being near the centre of
motion, would receive a much smaller impulse. Conse-
quently, the ball would swell, or bulge out at the equator,
wl:ich would produce a corresponding depression at the
poles.

835. The weight of a body at the poles is found to be
greater than at the equator, not only because the poles are
nearer the centre of the earth than the equator, but because
the centrifugal force there tends to lessen its gravity. The
wheels of machines, which revolve with the greatest rapid-
ity, are made in the strongest manner, otherwise they will
fly in pieces, the centrifugal force not only overcoming the:
gravity, but the cohesion of their parts.

836. It has been found, by calculation, that if the earth
turned over once in 84 minutes and 43 seconds, the centrifu-
gal force at the equator would be equal to the power of
gravity there, and that bodies would entirely lose their
weight. If the earth revolved more rapidly than this, all
the buildings, rocks, mountains, and men, at the equator,
would not only lose their weight, but would fly away, and
leave the earth.

SorLar aAND StpErIAL TIME,

836. The stars appear to go round the earth in 23 hours,.
656 minutes, and 4 seconds, while the sun appears to per-
form the same revolution in 24 hours, so that the stars gain
8 minutes and 56 seconds upon the sun every day. Ina year,
tins amounts to a day, or to the time taken by the earth to
perform one diurnal revolution.. It therefore happens, that
when time is measured by the stars, there are 366 days in
the year, or 366 diurnal revolutions of the earth; while, if
measured by the sun from one meridian to another, there
are only 365 whole days in the year. The former are call-
ed the siderial, and the latter sofm' days.

To account for this difference, we must remember that
che earth, while she performs her daily revolutions, is con-
stantly advancing in her orbit, and that, therefore, at 12

‘What two causes_render the weights of bodies less at the equator
than at the poles? What would be the consequence on the weights of
bodies st the n':lguator, did the earth turn over once in 84 minutes and
43 seccnd2? The stars appear to move round the earth in less time than,
the sun, xrhat does the difference amount to in a year ? Whatisthe ren
meascre b a atar called 7 What is that measured by the sun called 3
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o'clock to-day she is not precisely at the sams place in re-'
spect to the sun, that she was at 12 o'clock yesterday, or will
be to-morrow. But the fixed stars are at such an amazing
distance from us, that the earth’s orbit, in respect to them, 1s
but a point ; and, therefore, as the earth’s diurnal motion is.
perfectly uniform, she revolves from any given star to the
same star again, in exactly the same period of absolute time..
The orbit of the earth, were it a solid mass, instead of an
imaginary circle, would have no appreciable length or
breadth, when seen from a fixed star,and therefore, whether
the earth performed her diurnal revolutions at a particular
station, 6r while passing round in her orbit, would make no
appreciable difference with respect to the star. Hence the
same star, at every complete daily revolution of the earth,
appears precisely in the same direction at all seasons of the
year. The moon, for instance, would appear at exactly the
same point, to a person who walks round a circle of a hun-
dred yards in diameter, and for the same reason a star ap

ars in the same direction from all parts of the earth's or-:

it, though 190 millions of miles in diameter.

838. If the earth had only a diurnal motion, her revolu-:
tion, in respect to the sun, would coincide exactly with the
same revolution in respect to the stars; but w{ile she is

making one revolution on her axis towards the east, she ad-

vances in the same direction about one degree in her orbit,

80 that to bring the same meridian towards the sun, she

maust make a little more than one entire revolution. '
Fig. 213.

» How is the diﬂ'uenee. in time between the solar and sideriai year ac-
counted for? The earth’s orbit is but & point, in reference to a star;
how is this illustrated :
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T'o malos this plain, sppese the sun, s, fig. 213, to be ex-
actly on a meridian line marked at ¢, on the earth 4, on a
‘given day. On the next day, the earth, instead of being at
A, as on the day before, advances in its orbit to B, and in
the mean time having completed her revolution, in respect
to a star, the same meridian line is not brought under the
sum, as on the day before, but falls shost of it, as at ¢, so that
the earth hasto perform more than a revolution, by the dis-
tance from e to o, in order to bring the same meridian
again under the sun. So on: the next day, when the earth
is at C, she must again complete more than twe revolutions,
since leaving A, by the space from e to o, before it will again
be noon at e.

839. Thus, it is obvious, that the earth must complete
one revolution, and & portion of a second revolution, equal
to the space she has agvancad in. her orbit, in oxder to bring
the same meridian back again to the sun. This small por-
tion of a second revolution amounts.daily to the 365th part
of ber circumference, and therefore, at the end of the year,
to ‘one entire rotation, and hence in 365 days, the earth
actually turns on her axis 366 times. Thus, as one com-
ﬂ:&e rotation forms a siderial day, there must, in the year,

one siderial, more than there are solar days, ene rotation
of the earth, with respect to the sun, being lost, by the
earth’s yearly revolution. The same loss of a day happens
to a traveller, who, in passing round the earth towards the
west, reckons his time by the rising and setting of the. sun.
If he passes round towards the east, he will gain a day for
the same reason.

EquaTioN or TIME.

840. As the motion of the earth about its axis is pprfecs-
ly uniform, the siderial days, as we have already seen, are
exactly of the same length, in all parts of the year. But
as the orbit of the earth, or the apparent path of the sun, is
inclined to the earth’s axis, and as the earth moves with dif-
ferent velocities in different parts of its orbit, the solar, or
natural days, are sometimes greater and sometimes less than

Had the earth only a diurnal revolution, would the siderial and solar
time agree? Show by fig. 213, how siderial differs from solar time?
‘Why does not the earth turn the same meridian to the sun at the same
time every day? How many times does the earth turn on her axis in &

ar? Why does she turn more times’ than there aredays in the year ?

leas, than 24.

hours

;rethesolar days sometimes greater, and sometimes
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24 hours, as shown :rLynn accurate clock. The consequence
is, that a true sun dial, or noon mark, and a true time piece,
agree with each other only o few times in a year. The
difference between the sun dial and clock, thus shown, is
called the equation of time.

The difference between the sun and a well regulated
clock, thus arises from two causes, the inclination of the
earth’s axis to the ecliptic, and the elliptical form of the
earth’s orbit.

841. That the earth moves in an ellipse, and that its mo-
tion is more rapid sometimes than at others, as well as that
the earth’s axis is inclined to the ecliptic, have already been
explained and illustrated. It remains, therefore, to show
how these two-combined causes, the elliptical form of the
orbit, and the inclination of the axis, produce the disagree-
ment between the sun and clock. In this explanation, we
must consider the sun as moving around the ecliptic, while
the earth revolves on her axis. /

842. Egqual, or mean time, is that which is reckoned by
a clock, supposed to indicate exactly 24 hours, from 12
o'clock on one day, to 12 o'clock on the next day. Ap-.
parent time, is that which is measured by the apparent mo-
tion of the sun in the heavens, as indicated by a meridian
line, or sun dial.

843. Were the earth’s orbit a perfect circle, fig. 207, and
her axis perpendicular to the p{:\e of this orbit, the days
would be of a uniform length, and there would be no dif-
ference between the clock and the sun; both would indicate
12 o'clock at the same time, on every day in the year. But
on account of the inclination of the earth’s axis to the

.ecliptic, unequal portions of the sun’s apparent path through
the heavens will pass any meridian in equal times. This
may be readily explained to the pupil, by means of an arti-
ficial globe; but perhaps it will be understood by the follow-
ing diagram.

Let im N B 8, fig. 214, be the concave of the heavens, in
the centre of which is the earth. Let the line A B, be the
equator, extending through the earth and the heavens, and
let A, a, b, C, ¢, and d, be the ecliptic, or the apparent path

‘What is the difference between the time of a sun dial and a clock
called ? What are the causes of the difference between the sun and

' clock? Inexplaining equation of time, what motion_is considered ag
belonging to the sun, and what motion to the earth? What is equal, ox
mean time? ‘What is apparent time % :
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of the'sun through the heavens. Also, let A, 1, % 3, 4, 5,
pe equal distances on the equator, and A, 4, b, C, ¢, and 4,
equal portions of the ecliptic, corresponding with A 1,2, 3,
4,and 5. Now we will suppose, that there are two suns,
namely, a false, and a real one; that the false one
through the celestial equator, which is onky an extension of
the earth's equator Fig.214. .

to the heavens; N

while the real sun
has an apparent re-
volution. through
the ecliptic ; and
that they both start
from the point A, d
at the same instant. 1 3
The false sun is4
supposed to pass
thro' the celestial g f,
equator in the same
time that the real
one passes through
the ecliptic, but not
through the same 3
meridians at the

same time, so that the false sun arrives at the points 1, 2, 3,
4, and 5, at the time when the real sun arrives at the points
a, b, C, and c. 'When the two suns were at A, the starting
point, they were both on the same meridian, but when the
fictitious sun comes to 1, and the real sun to g, they are not
in the same meridian, but the real sun is westward of the
fictitious one, the real sun being at 4 while the false sun is
on the meridian 1, consequently, as the earth turns on its
axis from west to east, any particular place wilt come under
the sun’s real meridian, sooner than under the fictitious sun's
meridian ; that is, it will be 12 o'clock by the true sun, be-
fore it is 12 o'clock by the false sun, or by a true clock ; but
were the true sun in place of the false one, the sun and

In fig. 214, which is the celestial equator, and which the ecliptic?
Through which of these circles does the false, and through which does
the true sun pass T When the real sun arrives to a, and the false one to
1, are they both on the same meridian? Which is then most westward 7 -
When the two suns are at 1, and @, why will any meridian come first
under the real sun? Were the true sun in place of the false one, why
would the sun and clock agree 7 .
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clock would agree. While the true stin is tt».aain‘g through
that quarter of his orbit, from a to C, and the fictitious sun
from 1 to 3, it will always be noon by the true sun before it
is noon by the false sun, and during this period, the sun will
be faster than the clock. .

When the true sun arriyes at C, and the false one at 3
‘they are both on the same meridian, and the sun and ¢lock
agree. But while the real sun is passing from C to B, and
the false one from 3 to B, any meridian comes later under
the true sun than it does under the false, and then it is
noon by the sun after it is noon by the clock, and the sun is
then said to be slower than the clock. At B, both suns are
afain on the same meridian, and then again the sun and
clock agree.

We have thus followed the real sun through one half of
his ¢rue apparent place in the heavens, and the false one
through half the celestial equator, and have seen that the
two suns, since leaving the point A, have been only twice on
the same meridian at the same time. It has been supposed
that the two suns passed through equal arcs, in equal times,
the real sun through the ecliptic, and the false one through
the equator. The place of the false sun may be considered
as representing the place where the real sun would be, in
case the earth’s axis had no inclination, and consequently it
‘agrees with the clock every 24 hours. But the true sun, as
he passes round in the ecliptic, comes to the same meridian,
sometimes sooner, and sometimes later, and in passing around
the other half of the ecliptic, or in the other half year, the
same variations succeed each other. ‘

The two suns are supposed to depart from the point A, on
the 20th of March, at which time the sun and clock coincide.
From this time, the sun is faster than the clock, until the two
suns come together at the point C, which is on the 21st of
June, when the sun and clock again agree. From this period
the sun is slower than the clock, until the 23d of September,
and faster again until the 21t of December, at which time
they agree as before. .

‘We have thus scen how the inclination of the earth’s axis,
and the consequent obliquity of the equator to the ecliptic,

While the suns are passing from A to C, and from 1to 3, will the
sun be faster or slower than the clock? When the two suns are at C,
and 3, why will the sun and clock agree? While the real sun is passing
from B to C, which is fastest, the clock or sun? What does the place
of the false sun represent, in fig. 214 ?
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causes the sun and cloek to disagree, and en what days they
would coincide, provided nu other cause interfered with their
agreement. But although the inclination of the earth’s
axis would bring the sun and clock together on the above-
mentioned days, yet this agreement is counteracted by an-
other cause, which is the elliptical form of the earth’s orbit,
and though the sun and clock do agree four times in the
year, it is not on any of the days above mentioned.

It has been shown by fig. 204, that the earth moves more ‘

rapidly in one part of its orbit than in another. When it is
nearest the sun, which is in the winter, its velocity is great-
er than when it is most remote from him, as in the summer.
Were the earth's orbit a perfect eircle, the sun and clock
would coincide on the days above specified, because then the
only disagreement would arise from the inclination of the
earth’s axis. But since the earth’s distance from the sun i
constantly changing, her rate of velocity also changes, and
she passes through unequal portions of her orbit in equal
times. Hence, on some days, she passes through a greater
portion of it than on others, and thus this becomes another
cause of the inequality of the sun’s apparent motion. ~

The elliptical form of the earth’s orbit would prevent the
coincidence of the sun and clock at all times, except when
the earth is at the greatest distance from the sun, which
happens on the 1st of July, and when she is at the least dis-
tance from him, which happens on the 1st of January. As
the earth moves faster in the winter than in the summer,
from this cause, the sun would be faster than the clock from
the 1st of July to the 1st of January, and then slower than
the clock from the 1st of January to the 1st of July.

844. We have now explained, separately, the two causes
which prevents the coinci(i::nce of the sun and clock. By the
first cause, which is the inclination of the earth’s axis, they
would agree four times in the year, and by the second cause,
the. irregularity of the earth’s motion, they would coincide
only twice in the year.

ow, these two causes counteract the effects of each
other, so that the sun and clock do not coincide on any of the

The inclination of the earth’s axis would make the sun and clock
agree in March, and the other months above named : why then do they
not actually agree at those times? Were the earth’s orbit a perfect cir-
cle, on what days would the sun and clock agree? How does the form
of the earth’s orbit interfere with the agreement of the sun ard clock
on those days? At what times would the form of the earth’s orbit
bring the sun and clock to agree ?

24
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days, when either cause, taken singly, would make an agree-
ment between them. The sun and clock, therefore, are to-
gether, only when the two causes balance each other; that
18, when one cause so counteracts the other, as to make a
mutual agreement between them. This effect is produced
four times in the year; namely, on the 15th of April, 15th
of June, 318t of August, and 24th of December. On these
days, the sun, and a clock keeping exact time, coincide, and
- on no others. The greatest differgnce between the sun and
clock, or between the apparent and mean time, is 164 min-
utes, which takes place about the 1st of November.’

PrECESsION oF THE EQUINOXES.

845. A tropical year is the time it takes the sun to pass
from one equinox, or tropic, to the same tropic, or equinox,

in. :

846. A siderial year is the time it takes the sun to per-
form his apparent annual revolution, from a fixed star, to
the same fixed star again. '

Now it has been found that these two complete revolu-
tions are not finished in exactly the same time, but that it
takes the sun about 20 minutes longer to complete his ap-
parent revolution in respect to the star, than it does in re-
spect to the 2guinoz, and hence the siderial year is about 20
minutes longer than the tropical year. The revolution of
the earth from equinox to equinox, again, therefore, precedes
its complete revolution in the ecliptic by about 20 minutes,
for the absolute revolution of the earth is measured by its
return to the fixed star, and ‘not by the return of the sun to
the same equinoctial point. This apﬂarent falling back of
the equinoctial point, so as to make the time when it meets
the sun precede the time when the earth makes its complete
revolution in respect to the star, is called the precession of
the equinozes.

The distance which the sun thus gains upon the fixed
star, or the difference between the sun and star, when the

The inclination of the earth’s axie would make the sun and clock
agree four times in the year, and the. form of the earth’s orbit would
make them agree twice in the year ; now show the reason why they do
not from these causes, on the above mentioned days, and wh
they do a‘ges on' other days. On what days do the sun and cloc!
agree? What is a tropical year? What is a siderial year? What is
the difference in the time which it takes the sun to complete his revolu-
tion in respect to a star, and in respect to the equinox? Explain what
is meant by the precession of the equinoxes.
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sun has arrived at:the equinoctial point, amounts to 50 sec-
onds of a degree, thus making the equinoctial point recede
50 seconds of a degree, (when measured by the signs of the
zodiac,) westward, eve? year, contrary to the sun’s annual
e ecliptic.

Fig. 215.

progressive motion in t

To illustrate this by a figure, suppose §, fig. 215, to be
the sun, Ethe earth, and o a fixed star, all in a straight line
with respect to each other. Let it be supposed that this op-
position takes place on the 21st of March, at the vernal equi-
nox, and that at that time the earth is exactly between the
sun and the star. Now when the earth has performed a
complete revolution around its orbit ), 4, as measured by the
‘star, she will arrive at precisely the same point where she
now is. But it is found that when the earth comes to the
same equinoctial point, the next year, she has not gone her
complete revolution in respect to the star; the equinoctial
point having fallen back with respect to the star, during the

ear, from E to e, so that the earth, after having completed
er revolution, in respect to the equinox, has yet to pass the

from e to E, to complete her revolution in respect to
e star.

The space from E to ¢, being 50 seconds of a degree, and
the equinoctial point falling this space every year short of
the place where the sun and this point agree! the year be-
fore, it is obvious, that on the next revolution of the earth,

How many seconds of a degree does the equinox recede everyrar,
when the sun’s place is compared with a star? How does fig. 215 il-
lustrate the precession of the equinoxes? Explain fig. 216, and show
from what points the equinoxss fall back from year te year.
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the equinox will not be found at ¢, but at 3, so that the earth,
havini completed her second revolution in respect to the
sun when at ¢, will still have to pass from i to E, before she
completes another revolution in respect to the star.

847. The precession of the equinoxes, being 50 seconds
of a degree, every year, contrary to the sun’s apparent mo-
tion, or about 20 minutes, in time, short of the point where
the sun and equinoxes coincided the year before, it follows,
that the fixed stars, or those in the sign of the zodiac, move
forward every year 50 seconds, with respect to the equi-
noxes.

In consequence of this precession, in 2160 years, those
stars which now appear in the beginning of the sign Aries,
for instance, will then appear in the beginning of Taurus,
having moved forward one whole sign, or 30 degrees, with
respect to the equinoxes, or the equinoxes having gone
backwards 30 degrees, with respect to the stars. In 12,960
years, or 6 times 2160 years, therefore, the stars will appear
to have moved forward one half of the whole circle of the
heavens, so that those which now appear in the first degree

-of the sign Aries, will then be in the opposite point of the
-zodiac, and, therefore, in the first degree of Libra. And in
12,600 years more, because the equinoxes will have fallen
back the other half of the circle, the stars will appear to
-have gone forward from Libra to Aries, thus completing the
whole circle of the zodiac.

Thus, in about 26,000 years, the equinox will have gone
backwards a whole revolution around the.axis of the ecli
tic, and the stars will appear to have gone forward the whole -
circle of the zodiac.

848. The discovery of the precession of the equinoxzes
bas threwn much light on ancient astronomy and chronolo-
gy, by showing an agreement between ancient and modern
observations, concerning the places of the signs of the zo-
diac, not to be reconciled in any other manner.

A complete explanation of the cause which occasions the
precession of the equinoxes, would require the aid of the
most abstruse mathematics, and-therefore cannot be properly

How many minutes, in time, is the precession of the equinoxes per

ear? What effect does this prec::ston rodl:ice on the fixed stal"i T

Oow many years is a star in gol rward one degree, in respect to the

equinoxes { yln how nian yg:u%ill the stars appear to have passed

- half around the heavensz In what period will the earth appear to

have gone backwards one whole revolution? In what respect is the
precession of the equinoxes an itportant subject 1 )

I
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mtroduced here. The cause itself may, however, be stated
in a few words. '

849. It has already been explained, that the revolution of
the earth round its axis, has caused an. excess of matter to
be accumulated at the equator, and hence, that the equatoriat
is greater than the polar diameter, by 34 miles. Now the
attraction of the sun and moon, on this accumulated matter
" atthe equator, has the effect of slowly turning the earth about

the axis.of the ecliptic, and thus causing tﬁe precession of
the equinoxes.

Tae Moon.

850. While the earth revolves round the sun, the moon
revolves round the earth, completing her revolution once in
27 days, 7 hours, and 43 minutes, and at the distance of
240,000 miles from the earth. - The period of the moon’s
change, that is, from new moon to new moou again, is 29
days, 12 hours, and 44 minutes,

851. The time of the moon’s revolution round the earth
is called her periodical month; and the time from change
to change is called her synodical month. If the earth had
no annual motion, these two periods would be equal, but
because the earth goes forward in her orbit, while the moon
goes round the earth, the moon must go as much farther,
from change to change, to make these periods equal, as the
earth goes forward during that time, which is more than the
twelfth part of her orbit, &ere being more than twelve lunar
periods in the year.

852. These two revolutions may be familiarly illustrated
by the motions of the hour and minute hands of a watch.
Let us suppose the 12 hours marked on the dial plate of a
watch to represent the 12 signs of the zodiac through which
the sun-seems to pass in his yearly revolution, while the
hour hand of the watch represents tKe sun, and the minute
hand the moon. Then, as the hour hand goes around the
dial plate once in 12 hours, so the sun apparently goes
around the zodiac once in 12 months; and as the minute
hand makes 12 revolutions to one of the hour hand, so the
moon makes 12 revolutions to one of the sun. But the

‘What is the cause of the precession of the equinoxes? What is the
giod of the moon’s revolution round the earth? What is the period
m new moon tb new moon again? What are these two periods
called? Why are not the periodicat and synodical months equal ?
How are these two revolutions of the moon illustretsd by the two
hands of a watch? %
. -




mioon, or minute hand, must go more than once round, from
any point on the circle, where it last came in conjunction
with the sun, or hour hand, to overtake it again, since the
" hour hand will have moved forward of the place where it
was last overtaken, and consequently the next conjunction
must be forward of the place where the last happened.
During an hour, the hour describes the twelfth part of
the circle, but the minute hand has not only to go round the
whole circle in an hour, but also such a portion of it, as the
hour hand has moved forward since they last met. Thus,
at 12 o'clock, the hands are in conjunction; the next con
junction is 5 minutes 27 seconds past I o’clock; the next,
10 min. 54 sec. past II o'clock; the third, 16 min. 21 sec.
past III; the 4th, 21 min. 49 sec. past IV ; the 5th, 27 min.
10 sec. past V; the 6th, 32 min. 43 sec. past VI; the 7th,
38 min. 10 sec. past VII; the 8th, 43 min. 38 sec. part VIII;
the 9th, 49 min. 5 sec. past IX; the 10th, 54 min. 32 sec.
past X; and the next conjunction is at XII.

853. Now although the moon passes around the earth in
27 days 7 hours amf 43 minutes, yet her change does not
take place at the end of this period, because her changes
are not occasioned by her revolutions alone, but by her
coming periodically into the same position in respect to the
sun. At her change, she is in conjunction with the sun,
when she is not seen at all, and at this time astronomers call
it new moon, though generally, we say it is new moon two
days afterwards, when a small part of her face is to be
seen. The reason why there is not a new moon at the end
of 27 days, will be obvious, from the motions of the hands
of a watch ; for we see that more than a revolution of the
* minute hand is required to bring it again in the same

position with the hour hand, by a%out the twelfth part of
the circle. _—

The same principle is true in respect to the moon; for as
the earth advances in its orbit, it takes the moon 2 days 5
hours and 1 minute longer to come again in conjunction
with the sun, than it does to make her monthly revolution
round the earth; and this 2 days 5 hours and 1 minute

Mention the time of several conjunctions between the two hands of a
watch? Why do not the moon’s changes take place at the periods of
ber revolution around the earth? How much lﬁger does 1t take the
moon to come again in conjunction with the sun, than it does to perform
her periodical revqlution 7 "How is it proved that the moon makes hut
one revolution on her axis, as she passes around the earth %
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oeing added to 27 days 7 hours and 43 minutes, the time of
the periodical revolution makes 29 days 12 hours and 44
minutes, the period of her synodical revolution,

854. The moon always presenis the same side, or face,
towards the earth, and hence it is evident that she turns on
ner axis but once, while she is performing one revolution
round the earth, so that the inhabitants of the moon have but
one day, and one night, in the course of a lunar month.

One half of the moon is never in the dark, because when
* this half is not enlightened by the sup, a strong light is re-

tlected to her from the earth, during the sun’s a%eence. The
other half of the moon enjoys alternately two weeks of the
sun’s light, and two weeks of total darkness.

855. The moon is a globe, like our earth, and, like the
earth, shines only by the light refleeted from the sun;
therefore, while that half of her which is turned towards the
sun is enlightened, the other half is in darkness. Did the
moon shine by her own light, she would be constantly visible
10 us, for then, being an orb, and every part illuminated, we
should see her constantly full and round, as we do the sun.

856. One of the most interesting circumstances to us, res-
pecting the moon, is, the constant changes which she un-
dergoes, in her passage around the earth. When she first
appears, a day or two after her change, we can see only a
small portion of her enlightened side, which is in the form
of a crescent; and at this time she is commonly called new
moon. From this period, she goes on increasing, or show-
ing more and more of her face every evening, until at last
she becomes round, and her face fully illuminated. She
then begins again to decrease, by apparently losing a small
section of her face,and the next evening another small sec-
tion from the same part, and so on, decreasing a little every
day, until she entirely disappears; and having.been absent
a day or two, Te-appears, in the form of a crescent, or
new moon, as before. ) :

857. When the moon disappears, she is said to be in con-
function, that is, she is in the same direction from us with
the sun. When she is full, she is said to bein opposition,
that is, she is in that part of the heavens opposite to the sun,
as seen by us. )

One half of the moon is never in the dark; explain why this is so?
How long is the day and night at the other half? How isit shown
that the moon shines only by reflected light 2 When is the moon said
to be in conjunction with the sun, and when in opposition to the sun 3
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858. The different appearances of the moon, from new to
Jull, and from full to chamge, are owing to her presenting

different portions of her enlightened surface towards us at
- different times. These appearances are called the phases of
the moon, and are easily accounted for, and understood, by
the following figure.

Fig. 916.

Let 8, fig. 216, be the sun, E the earth, and 4, B, C, D,
E, the moon in different parts of her orbit. Now when the
moou changes, or is in conjunction with the sun, as at A4,
her dark side is turned towards the earth, and she is invisi-
ble, as represented at a. The sun always shines on one
half of the moon, in every direction, as represented at A
and B, on the inner circle ; but we at the earth can see onl
such portions of the enligiltened half as are turned to
us. After her change, when she has moved from'A to B,a
amall part of her illuminated side ~omes in sight, and she
appears horned, as at , and is then called the new moon.
When she arrives at C, several days afterwards, one half
of her disc is visible, and she appears as at ¢, her appearance
being the same in both circles, At this point she is said to
be in her first quarter, because she has passed through a
quarter of her orbit,and is 90 degrees from the place of her
conjunction with the sun. At D, she shows us still more
of her enlightened side, and is then said to appear gibbous,

‘What are the phases of the moon? Describe fig. 216, and show
how the moon passes from change to full, and from full to change ?
What1is said conterning the phases of the earth, as seen from the "
moon
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s at . When she comes to E, her whole enlightened side
is turned towards the earth, and she appears in all the
splendour of a full moon. During the ether half of her
revolution, she daily shows less and less of her illuminated
side, until she again becomes invisible by her conjunction
with the sun. Thus, in passing from her conjunction a, to
her full, ¢, the moon appeats every day to increase, while in
going from her full to her conjunction again, she appearsto
us constantly to decrease, but as seen from the sun, she ap-
pears always full .

859. How the Earth appears at the Moon—The earth,
seen by the inhabitants of ‘the moon, exhibits the same

ages that the moon does to us, but in a contrary order.

hen the moon is in her conjunction, and consequently
invisible to us, the earth appears full to the people of the
moon, and when the moon is full to us, the earth 1s dark te
them.. :

The earth;appears thirteen times larger to the lanarians
than the moon does to us. As the moon always keeps the
same side towards the earth, and turns on her atis only as
she moves round the earth, we never see her opposite side.
Consequently, the lunarians who live on the opposite side
to us never see the earth at all. To those who live on the
middle of the side next to us, our earth is always visible,
‘and directly over head, turning on its axis nearly thirty
times as rapidly as the moon, for she turns only once in
about thirty days. A lunar astronomer, who should happen
to live directly oppesite to that side of the moon, which is
next to us, would have to travel a quarter of the circum-
ference of the moon, or about 1500 miles, to see our earth
above the horizon, and if he had the curiosity to see such a
glorious orb, in its full splendour over his head, he must
travel 3000 miles. But if his curiosity egttalled that of
the terrestrials, he would be amply compensated by behold-
ing so glorious a nocturnal luminary, a moon thirteen times
as large as ours. .

860. That the earth shines upon the moorn as the moon
does upon us, is proved by the fact that the outline of her
whole disc may be seen, when only a part of it is enlighten-
ed by the sun. Thus when the sky is clear, and the moon

‘Wiien does the earth appear full at the moon? When is the earth in
her change, to the people of the moon? Why do those who live on one
side of the moon never see-the earth? How is it known that the earth
shines upon the moon, as the moon does upon us?

N\
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only two or three days old, it is not uncoramon to see the
brilliant new moon, with her horns enlightened by the sun,
and at the same time, the old moon faintly illuminated by
reflection from the earth. This phenomenon is sometimes
called “ the old moon in the new moon’s arms.”

It was a disputed point among former astronomers, whether
the moon has an atmosphere ; but the more recent discoveries
have decided that she has an atmosphere, though there is
reason to believe that it is much less dense than ours.

861. Surface of the Moon—When the moon's surface is
examined through a telescope, it is found to be wonderfully
diversified, for besides the dark spots perceptible to the naked

e, there are seen extensive valleys, and long ridges of
highly elevated mountains.

862. Some of these mountains, according to Dr. Herschel,
are 4 miles high, while hollows more than 3 miles deep,
and almost exactly circular, appear excavated on the plains,
Astronomers have been at vast labour to enumerats, fignre,
and describe, the mountains and spots on the surface of the
moon, so that the latitude and longitude of about 100 spots
have been ascertained, and their names, shapes, and relative

ositions given. A still greater number of mountains have
een named, and their heights and the length of their bases
detailed. .

863. The deep caverns, and broken appearance of the
moon’s surface, long since induced astronomers, to believe
that such effects were produced by volcanoes, and more re-
cent discoveries have seemed to prove that this suggestion
‘was not without foundation. Dr. Herachel saw with his
telescope, what appeared to him three volcanoes in the moon,
two of which were nearly extinct, but the third was in the
4actual state of eruption, throwing out fire, or other luminous
matter, in vast quantities. N

. 864. It was formerly believed that several large spots,
which appeared to have plane surfaces, were seas, or lakes,
and that a part of the moon's surface was covered with
water, like that of our earth. But it has been found, on
closely observing these spots, when they were in such a
g::i:ion as to reflect the sun’s light to the earth, had they

water, that no such reflection took place. It has also

‘What is said concarning the moon’s atmosphere? How high are
some of the mountains, and how dee&et.he caverns of the moon ? %V had
is said concerning the volcanoes of themoon? .
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deen found, that when these spots were turned in a certain
nosition, their surfaces appeared rough, and uneven; a
cenain indication that they are not water. These circum-
stances, together with the fact, that the moon’s surface is
never obscured by mist or vapor, arising from the evaporation
of water from her surface, have induced astronomers to be-
lieve, that the moon has neither seas, lakes, nor rivers, and
indeed that no water exists there.

EcLipsks.

865. Every Elanet and satellite in the solar system is il-

luminated by the sun, and hence they cast' shadows in the
direction opposite to him, just as the shadow of a man
reaches from the sun. A shadow is nothing more than the
interception of the rays of light by an opaque body. The
earth alwvays makes a shadow, which reaches to an immense
distance into open space, in the direction opposite to the sun.
When the earth, turning on its axis, carries us out of the
sphere of the sun's light, we say it is sunset, and then we
pass into the earth’s shadow, and night comes on. When
the earth turns half round from this point, and we again
emerge out of the earth’s shadow, we say, the sun rises, and
then day begins.

866. Now an eclipse of the moon is nothing more than
her falling into the shadow of the earth. The moon, hav-
ing no light of her own, is thus darkened, and we say she is
eclipsed. The shadow of the moon also reaches to a great
distance from her. We know that it reaches at least 240,000
miles, because it sometimes reaches the earth. An eclipse
of the sun is occasioned whenever the earth falls into the
shadow of the moon. Hence, in eclipses, whether of the
sun or voon, the two planets and the sun must ¥ nearly in
a straight line with respect to each other. In eclipses of the
moon, the earth is between the sun and moon, and in eclipses

1 of the sun, the moon is between the earth and sun.

867. If the moon went around the sun in the same plane'

with the earth, that is, were the moon’s orbit on the plane

‘What is supposed concerning the lakes and seas of the moon? On
what grounds is it supposed that there is no water at the moon? What
is a shadow? When do we say it is sunset, and when do we say it
is sunrise ? 'What occasions an eclipse of the moon? What causes
eclipses of the sun? In eclipses of the moon, what planet is between
the sun and moon 1 In eclipses of the sun, what planet is between the
sun and earth? Why is there not an eclipse of the sun at eyery con-
junction of the sun and moon ?

A



w8 ECLIPSES.

of the ecliptic, there would happen an eclipee of the sun.at
every conjunction of the sun and moon, or at the time of
every new moon. But at these conjunctions the moon does
not come exactly between the earth and sun, because the ox-
bit of the moon is inclined to the ecliptic at an angle of 54
degrees. Did the planes of the.orbits of the earth and
moon coincide, there would be an eclipse of the moon at
every full, for then the moon would pass exactly through
the earth’s shadow.

868. One half of the moon’s orbit being elevated 5% de- .
_ﬁreea above the ecliptic, the other half is depressed as much
‘below it, and thus the moon’s orbit crosses that of the earth
in two opposite points, called the moon’s nodes.

the nodes of the moon are the points where she crosses
the ecliptic, she must be half the time above, and the other
balf below these points. The node in which she crosses
the plane of the ecliptic upward, or towards the north, is
called her ascending node. That in which, she crosses the
same plane downward, or towards the south, is called her
descending node. -

The moon's orbit, like those of the other planets, is ellip-
tical, so that she is sometimes nearer the earth than at others.
When she is in that part of her orbit, at the greatest dis-
tance from the earth, she is said to be in her apogee, and
when at her least distance from the earth, she is in her
perigee. .

869. Eclipses can only happen at the time when the moon
is at, or near, one of her noges, for at no other time is she
near the plane of the earth’s orbit; and since the earth is
always in this plane, the moon must be at, or near it, alsa,
in order to bring the two planets and the sun in the same
right line, without which no eclipse can happen.

870. The reason why eclipses do not happen oftener, and
at regular periods, is because a node of the moon is usnally
only twice, and never more than three times in the year,
presented towards the sun. The average number of total
eclipses of both luminaries, in a century, is about thirty, and
the average number of total and partial, in a year, about

Ly

How many degrees is the moon’s orbit inclined to that of the
earth? What are the nodes of the moon? What is meant by the
ascending and descending nodes of the moon? 'What is the moon’s
apogee, and what her perigee? - Why must the moon be at, or near,
one of her nodes, to occasion an eclipse? Why do not eclipses hap
ven often, and at regular periods ?
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four. There may be seven eclipses in & year, ineluding
choss of both luminaries, and there may be only twe. When
there are only two, they are both of the sun.

‘When the moon is within 16} de, of her node, at the
time of her change, she is so near the ecliptic, that the sun
may be more or less eclipsed, and when she is within 12 de-
grees of her node, at the time of her full, the moon will be
more or less eclipsed.

871. But the moon is more frequently within 16} de-
grees of her node at the time of her change, than she is within
12 degrees at the time of her full, and consequently there
will be a greater number of solar, than of lunar e¢lipsés, in
a course of years. Yet more lunar eclipses will be visible,
at any one place on the earth, than solar, because the sun, be--
ing so much larger than the earth, or moon, the shadow of
these podies must terminate in a point, and this point of the
moon’s shadow never covers but a small portion of the earthi’s
surface, while lunar eclipses are visible over a ‘whole hemi-
sphere, and as the earth turns on its axis, are therefore vigible’
to more than half the earth. This will be obvious by figs. -
217 and 218, where it will be observed that an eclipse of the
moon may be seen wherever the moon is visible, while an
eclipse of the sun will be total only to those who live within
the space covered by the moon’s dark shadow.

872. LuNnar Ecriprses.—When the moon falls into the
shadow of the earth, the rays of the sun are intercepted, or
hid from her, and she then becomes eclipsed. When the
earth’s shadow cqvers only a part of her face, as seen by us,
she suffers only &’ partial eclipse, one part of her disc being
obscured, while the other part reflects the sun’s light. But
when her whole surface is obscured by the earth’s shadow,
she then suffers a total eclipse, and of a duration proportion-
ate to the distance she passes through the earth’s shadow.

Fig. 217 represents a total Junar eclipse; the moon being
in the midst of the earth’s shadow. Now it will be apparent
that in the situation of the sun, earth, and moon, as repre-
sented in the figure, this eclipse will be visible from all parts
of that hemisphere of the earth which is next the moon, and
that the moon’s disc will be equally obscured, from whatever
point it is seen. 'When the moon passes through only a part

‘What is the greatest, and what the least number of eclipses, that can -
happen in a year? Wvl;y will there be more solar than lunar eclipses in
the course of years ? Why will more lunar than solar eclipses be visi-
ble at any one place?
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of the earth’s shadow, then she suffersonly a partial eclipse,
but this is also visible from the whole hemisphere next the
Fig. 217.

moon. It will be remembered that lunar eclipses happen
only at full moon, the sun and moon being in opposition, and
the earth between them. -

873. SoLar EcLirses.—When the moon passes between
the earth and sun, there happens an eclipse of the sun, be-
cause then the moon's shadow falls upon the earth. A total
eclipse of the sun happens often, but when it occurs, the to-
tal obscurity is confined to a small part of the earth; since
the dark portion of the moon's shadow never exceeds 200
miles in K?umeter on the earth. But the moon’s partial
shadow, or penumbra, may cover a s on the earth of
more than 4000 miles in diameter, within all which space
the sun will be more or less eclipsed. When the penumbra
first touches the earth, the eclipse begins at that place, and
ends when the penumbra leaves it. But the eclipse will be
:t:tlh only where the dark shadow of the moon touches the

Fig. 218.

Fig. 218 represents an eclipse of the sun, without regard
to the penumbra, that it may be observed how small a part of
the earth the dark shadow of the moon covers. To those

‘Why is the same eclipse total at one place, and only partial at
another? th is a total eclipse of the sun confined to so small a part of
the earth? What is meant by penumbra? What will be the difterence
in the aspect of the aclipse, whether the observer stands within thedark
shadow, or only within the penumbra?
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who live within the limits of this shadow, the eclipse will be
total, while to those who live m any direction around 1t, and
within reach of the penumbra, it will be only partial.

874. Solar eclipses are called annular, from annulus, a
ring, when the moon passes across the centre of the sun,
hiding all his light, with the exce%tion of a ring on his outer
edge, which the moon is too small to cover from the position

in which it is seen.

Fig. 219 represents a solar eclipse, with the penumbra D,
C, and the umbra, or dark shadow, as seen in the above figure.

‘When the moon is at its greatest distance from the earth,
its shadow m o, sometimes terminates, before it reaches the
earth, and then an observer standing directly under the point
o, will see the outer edge of the sun, forming a bright ring
around the circumference of the moon, thus forming an an-
aular eclipse.

The penumbra D C, is only a partial interception of the
sun’s rays, and in annular eclipses it is this partial shadow
only wziz‘h reaches the earth, while the umbra, or dark
shadow, terminates in the air. Hence annular eclipses are
never total in any part of the earth. The penumbra, as al-
ready stated, may cover more than 4000 miles of space,
while the umbra never covers more than 200 miles in di-
ameter; hence partial eclipses of the sun may be seen by a
vast number of inhabitants, while comparatively few will
witness the total eclipse.

875. When there happens a total solar eclipse to us, we
are eclipsed to the moon, and when the moon is eclipsed to
us, an eclipse of the sun happens tothe moon. To the moon,
an eclipse of the earth can never be total, since her shadow
covers only a small portion of the earth’s surface. Such an
eclipse, therefore, at the moon, appears only as a dark
on the face of the earth; but when the moon is eclipae:ipz

‘What is meant by annular eclipses 7 Are annular eclipses ever total
in any part of the earth? In annular eclipses, what part of the moon’s
shadow reaches the earth? What is said concerning eclipses of the
earth, as seen from the moon % )

Fig. 219.
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us, the sun is partially eclipsed to the moon for several hoiirs
longer than the moon is eclipsed to us. .
Tue Tipks. .

876. The ebbing and flowing of the sea, which regularly
takes place twice in 24 hours, are called the tides. The
cause of the tides, is the attraction of the sun and moon, but
chiefly of the moon, on the waters of the ocean. In virtue
of the universal principle of gravitation, heretofore explained,
the moon, by her attraction, draws, or raises the water .to-
wards her, but because the power of attraction diminishes
as the squares of the distances increase, the waters, on the
opposite side of the earth, are not so much attracted as they
are on the side nearest the moon. This want of attraction,
together with the greater centrifugal force of the earth on its
opposite side, produced in consequence of its greater distance
from the common centre of gravity, between the earth and
moon, causes the waters to rise on the opposite side, at the
same time that they are raised by direct attraction on the
side nearest the moon.

" Thus the waters are constantly elevated on thesides of the
earth opposite to each other above their common level, and
consequently depressed at opposite points equally distant from -
these elevations, '

Let m, fig. 220, be the moon, and E the earth covered with

Fig. 220.

water. As the moon passes round-the earth, its solid and
fluid parts are equally attracted by her influence according
to their densities ; but while the solid parts are at liberty to
moye only as a w],.mle, the water obeys the slightest impulse,
and thus tends towards the moon where her attraction 1s the
strongest. Consequently, the waters are perpetually ele-
vated immediately under the moon. If, therefore, the earth
stood still, the influence of the moon’s attraction would raise
the tides only as she passed round the earth. But as the

‘What are the tides? What is the cause of the tides? What causes

the tide to rise on the side of the earth opposite to the moon ?
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earth turns on her axis every 24 hours, and asthe waters
nearest the moon, as at g, are constantly elevated, they will,
in the course of 24 hours, move round the whole earth, and
consequently from this cause there will be high water at
every place once in 24 hours. As the elevation of the wa-
ters under the moon causes their depression at 90 degrees
" distance on the opposite sides of the earth, d and ¢, the point
¢, will come to the same place, by the earth’s diurnal revolu-
tion, six hours afier the point a, because ¢ is one quarter of
-"the circumference of the earth from the point 4, and there-
fore there will be low water at any given place six hours
after it was high water at that place. But while it is high
! water under the moon, in consequence of her direct attrac-
tion, it is also high water on the opposite side of the earth
in eonsequence of her diminished attraction, and the earth’s
centrifugal motion, and therefore it will be high water from
this cause twelve hours after it was high water from the
former cause, and six hours after it was low water from both
causes. ‘

* Thus, when it is high water at a and , it is low water at
"cand d, and as the earth revolves once in 24 hours, there
will be an alternate ebbing and flewing of the tide, at every
place, once in six hours. .

But while the earth turns on her axis, the moon advances
in her orbit, and consequently any given point on the earth
will not come under the moon on one day so soon as it did
on the day before. For this reason, high or low water at
any place comes about fifty minutes later on one day than it
did the day before. .

Thus far we have considered no other attractive influence
sxcept that of the moon, as affecting the waters of the ocean.
But the sun, as already observed, has an effect upon the
tides, though on account of his great distance, his influence is
small when compared with that of the moen.

877. When the sun and moon are in conjunction, as repre-
sented in fig. 220, which takes place at her change, or when
shey are in opposition, which taEee place at full moon, then
their forces are united, or act on the waters in the same di-

If the earth stood still, the tides would rise only as the moon passes
round the earth; what then causes the tides to rise twice in 24 hours ?
‘When it is high water under the moon by her attraction, what is the
cause of high water on the (g)posive side of'the earth, at the same time ?
Why are the tides about fifty minutes later every day? What pro-
duces spring tides? Where must the moon: be in respect to the sun, to
produce spring tides?

B
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rection, and consequently the tides are elevated higher than
usual, and on this account are called spring f1des.

878. But when the moon is in her quadratures, or quar-
ters, the attraction of the sun tends to counteract that of the
" mroon, and although his attraction does not elevate the waters
and produce tides, his influence diminishes that of the moon,
and eonsequently the elevation of the waters are less when
the sun and moon are so situated in respect to each other,
than when they are in conjunction, or opposition.

Fig. 221.

d

This effect is represented by fig. 221, where the elevation
of the tides at ¢ and d is produced by the causes already ex-
plained; but their elevation is not so great as in fig. 220,
since the influence of the sun acting in thedirection a 5,
tends to counteract the moon's attractive influence. These
small tides are called neap tides, and happen only when the

_moon iy in her quadratures.

The tides are not at their greatest heights at the time
when the moon is at its meridian, but some time afterwards,
because the water, having a motion forward, continues to
advance by its own inertia, some time after the direct influ-
ence of the moon has ceased to affect it.

LATITUDE AND LONGITUDE.

879. Latitude is the distance from the equator in a direct
line, north or south, measured in degrees and minutes. The'
number of degrees is 90 north, and as many south, each line
on which these'degrees are reckoned rumning from she equa-
tor to the poles. Places at the north of the equator are in
north latitude, and thése south of the equator are in south lati-
tude. ‘The parallels of latitude are imaginary lines drawn
perallel to &e equator, either north or south, and hence
every place situated on the same parallel, is in the same
latitude, because every such place must be at the same dis-

‘What is the occasion of neap tides? What is latitude? How many
d of latitude are there? How far do the lines of latitade extend 7
wﬁhhgmm by north and south latitude? What are the parallels of
" ;
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tance from the equator. The length of a degree of latitude
is 60 geographical miles.

880. Longitude is the distance measured in degrees and
minutes, either east or west, from any given point on the
equator, or on any parallel of latitude. Hence the lines, or
meridians of longitude, cross those of latitude at right an-
gles. The degrees of longitude are 180 in number, its lines
extending half a circle to the east, and half a circle to the
west, from any given meridian, so as to include the whole
circumference of the earth. A degree of longitude, at the
equator, is of the same length as a degree of latitude, but as
the poles are approached, the degrees of longitude diminish
in length, because the earth grows smaller in circumference.
from the equator towards the poles; hence the lines sur-
" rounding it become less and less. This will be made obvi.
ous by fig. 222.

Let this figure represent the Fig. 322,
earth, N being the north pole, -

S the south Eo e,and E W the
equator. The lines 10, 20, 30,
and so on, are the parallels of
latitude, and the lines Na 8§, ¢
N b 8, &c., are meridian lines, %
or those of longitude. IJ

The latitude of any place on
the globe, is the number of de-
grees between that place and
the equator, measured on a
meridian line; thus, zisin lat. s
- 40 degrees, because the z g
part of the meridian contains 40 degrees.

The longitude of a place is the number of degrees it is
situated east or west from any meridian line; thus, v is 20-
degrees west longitude from z, and = is 20 degrees east lon-

itude from ».

881. Asthe equator divides the earth into two equal parts,
or hemispheres, there seems to be a natural reason why the
degrees of latitude should be reckoned from this great circle.
But from east to west there is no natural division. of the
earth, each meridian line being a great circle, dividing the
earth into two hemispheres, and hence there is no natural

‘What is longitude? How many d of longitude are there

or west? What is the latitude of any place? What is the longitud
a place 7 Why are the degrees of latitude reckoned from the equator

east
e of
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Teason whmngitude should be reckoned from one meridian
any more than another. It has, thetefore, been customary for
writers and marinersto reckon longitude from the capital of
their own country, as the English ?rom London, the French
from Paris, and the Americans from Washington. But this
mode, it is apparent, must occasion much confusion, since
each writer of a different nation would be obliged to correct
the longitude of all other countries, to make it agree with his
own. More recently, therefore, the writers of Europe and
America have selected the royal observatory, at Greenwich,
near London, as the first meridian, and on most maps and
charts lately published, longitude is reckoned from that place -

882. How Latitude is found.—The latitude of any place
is determined by taking the altitude of the sun at mid-day,
and then subtracting this from 90 degrees, making proper
allowances for the sun’s place in the heavens. The reason
of thig will be understood, when it‘is considered that the
whole number of degrees from the zenith to the horizon is
90, and therefore if we ascertain the sun’s distance from the
horizon, that is, his altitude, by allowing for the sun’s de-
clination north or south of the equator, and substracting this
from the whole number, the latitude of the place will be
found. Thus, suppose that on the 20th of March, when the
sun is at the equator, his altitude from any place north ofthe
equator should be found to be 48 degrees above the horizon;
this, substracted from 90, the whole number of the degrees of
latitude, leaves 42, which will be the latitude of the place
where the observation was made. :

883. If the sun, at the time of observation, has a declina-
tion north or south of the equator, this declination must be
added to, or substracted from, the meridian altitude, as the case
may be. For instance, another observation being taken at
the place where the latitude was found to be 42, when the
sun had a declination of 8 degrees notth, then his altitude
would be 8 degrees greater than before, and therefore 56,

. 1astead of 48. Now, substracting this 8, the sun’s declina-
tion, from 56,and the remainder from 90, and the latitude of

‘What is said concerning the places from which the degrees of longi-
tude have been reckoned ? What is the inconvenience of estimating
longitude from a place in each country ? From what place is longitude
reckoned in Europe and America? How is the latitude of a place de-
termined? Givean example of the method of finding the latitude of the
same place at different seasons of the year, When must the sun's de-
clination from the equator be added to, and when' substracted from, his
raeridian altitude? .
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the place will be found 42, as before. If the sun’s declina-
tion be south of the equator, and the latitude of the place
north, his declination must be added to the meridian altitude
instead of being substracted from it. The same result may
be obtained by taking the meridian altitude of any of the fixed
wars, whose Lelinations are known, instead of tze sun's, and
proceeding as above directed.

884. How Longitude is found.—There is more difficulty
m ascertaining the degrees of longitude, than those of latitude,
because, as above stated, there is no fixed point, like that of
the equator, from which its degrees are reckoned. The de-
grees of longitude are therefore estimated from Greenwich,
and are ascertained by the following methods: —

885. When the sun comes to the meridian of any place, it
isnoon, or 12 o’clock, at that place, and therefore, since the
equator is divided into 360 equal parts, or degrees, and since
the earth turns on its axis once in 24 hours, 15 degrees of
, the equator will correspond with one hour of time, for 360

degrees being divided by 24 hours, will give 15. The
earth, therefore, moves in her daily revolution, at the rate
of 15 degrees for every hour of time. Now, as the appa-
rent course of the sun 1s from east to west, it is obvious that
he will come to any meridian lying east of a given Flace.
sooner than to one lying west of that place, and therefore it
will be 12 o’clock to the east of any place, sooner than at
that place, or to the west of it. When, therefore, it is noon
atany one place, it will be 1 o’clock at all places 15 degrees
to the east of it, because the sun was atthe meridian of such
places an hour before; and so, on the contrary, it will be
eleven o’clock, fifteen deirees west of the same place, be-
cause the sun has still an hour to travel before he reaches the
meridian of that place. It makes no difference, then, where
the observer is placed, since, ifit is 12 o'clock where he is, it
will be 1 o'clock 15 degrees to the east of him, and 11
o'cleck 15 degrees to the west of him, and so in this propor-
tion, let the time be more orless. Now, if any celestial phe-
nomenon should happen, such as an eclipse of the moon, or
of Jupiter's satellites, the difference of mgitude between
two places where it is observed, may be determined by the

‘Why is there more difficulty in ascertaining the degrees of lonFlmda'
than og latitude  How mun;y degrees of longitude does the surface of
the earth.pass through in an hour? Suppose it is noon at any given
place, what o’clock will it be 15 degrees to the east of that place? Ex-
pluin the reason. ow may longitude be determined by an eclipso?
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difference of the times at which it appeared to take place:
Thus, if the moon enters the earth’s shadow at 6 o'clock i
the evening, as seen at Philadelphia, and at half past 6
o'clock at another place, then this place is half an hour, ot
7§ degrees, to the east-of Philadefghia, because 7} degrees
of longitude are equal to half an hour of time. “To apply
these observations practically, it is only necessary that 1t
should be known exactly at what time the eclipse takes place
at a given point on the earth.

886. Longitude is also ascertained by means of a chro-
nometer, or true time piece, adjusted to any given meridian ;
for if the difference between two clocks, situated east ami
west of each other, and going exactly at the same rate, can
be known at the same time, then the distance between the
two meridians, where the clocks are placed will be known,
and the difference of longitude may be found.

Suppose two chronometers, which are known to go at ex-
actly the same rate, are made to indicate 12 o'clock by the
meridian line of Greenwich, and the one be taken to sea,
while the other remains at Greenwich. Then suppose the
captain, who takes his chronometer to sea, has occasion to
know his longitude. . In the first place, he ascertains, by an
observation of the sun, when it 18 12 o’clock at the place
where he is, and then by his time piece, when it is 12 o’clock
at Greenwich, and by allowing 15 degrees for every hour
of the difference in time, he will know his precise longitude
in any part of the world. For example, suppose the cap-
tain sails with his chronometer for America, and after being
several weeks at sea, finds by observation that it is 12 o’clock
by the sun, and at the same time finds by his chronometer,
that it is 4 o’clogk at Greenwich. Then because it is noon
at his place of observation after it is noon at Greenwich, he
knows that his longitude is west from Greenwich, and by al-
lowing 15 degrees for e hour of the difference, his lon-
ﬁitude is ascertained. Thus, 15 degrees, multiplied by 4

ours, give 60 degrees of west longitude from Greenwich.
If it is noon at the place of observation, before it is noon at
Greenwich, then the captain knowsthat his longitude is east,
and his true place is found in the same manner.

Explain the principles on which longitude is determined by the chro-
nometer. Suppose the captain finds by his chronometer that it is 19
o'clock, where he is, six hours later than at Greenwich, what then
would 'be his longitude 7 Suppose he finds it to be 12 oslock 4 houra
egrh;r,@where he 1s, than at nwich, what then would be his lon-
gitude
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F1xED STARS.

887. The stars are called fized, because they have been
observed not to change their places with respect to each
other. They may be distinguished by the naked eye from
the planets of our system by their scintillations, or twinkling.
The stars are divided into classes, according to their magni-
tudes, and are called stars of the first, second, and so on to
the sixth magnitude. About 2000 stars may be seen with
the naked eye in the whole vault of the heavens, though
only about 1000 are above the horizon at the same time. Of
these, about 17 are of the first magnitude, 50 of the 2d mag-
nitude, and 150 of the 3d magnitude. The othersare of the
4th, 5th, and 6th magnitudes, the last of which are the
smallest that can be distinguished with the naked eye.

888. It might seem incredible, that on a clear night only
about 1000 stars are visible, when on a single glance at the
different parts of the firmament, their numbers appear innu-
merable. But this deception arises from the confused and
hasty manner in which they are viewed, for if we look stea-
dily on a particular portion of sky, and count the stars con-
tained within certain limits, we shall be surprised to find
their number so few.

889. As we have incomparably more light from the moon
than from all the stars together, it is absurd to suppose that
they were made for no other purpose than to cast so faint a
glimmering on our earth, and especially as a great propor-
tion of them are invisible to our naked eyes. The nearest
fixed stars to our system, from the most accurate astronomi-
cal calculations, cannot be nearer than 20,000,000,000,000,
or 20 trillions of miles from the earth, a distance so immense,
that light cannot pass through it in less than three years.
Hence, were these stars annihilated at the present time, their
light would continue to flow towards us, and they would ap-
pear to be in the same situation to us, three years hence, that
they do now.

890. Our sun, seen from the distance of the nearest fixed
stars, would appear no larger than a star of the first magni-

‘Why are the stars called fixed 3 How may the stars be distinguished
from the planets? The stars are divided into classes, according to their
magnitudes; how many classes are there? How many stars may be
seen with the naked eye, in the whole firmament ? Why does there ap-
pear to be more stars than there really are? What is the computed dis-
tance of the nearest fixed stars from the earth? How long would it
take light to reach us from the fixed stars? How large would our sun
appear at the distance of the fixed stars ? ;
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tude does tous.  These stars appear no larger to us, when
the earth is in that part of her orbit nearest to them, than
they do, when she is in the oppesite part of her orbit ; and as
our distance from the sun is 95,000,000 of miles, we must
be twice this distance, or the whole diameter of the earth’s
orbit, nearer a given fixed star at one period of the year
than at another. The difference, therefore, of 190,000,000
of miles, bears so small a proportion to the whole distance be-
tween us and the fixed stars, as to make no appreciable dif-
ference in their sizes, even when assisted by the most power-
ful telescopes.

891. The amazing distances of the fixed stars may also be
inferred from the return of comets to our system, after an ab-
sence of several hundred years. :

The velocity with which some of these bodies move, when
nearest the sun, has been computed at nearly a million of
miles in an hour, and although their velocities must be per-
petually retarded, as they recede from the sun, still, in. 250
years of time, they must move through a space which to us
would be infinite. The periodical return of one comet is
known to be upwards of 500 years, making more than 250

rears in performing its journey to the most remote part of

1ts orbit, and as many in returning back to our system ; and
that it must still always be nearer our system than the fixed
stars, is proved by its return; for by the laws of gravitation,
did it approach nearer another system it would never again
return to ours.

From such proofs of the vast distances of the fixed stars,
there can be no doubt that they shine with their own light,
Irke our sun, and hence the conclusion that they are suns t>
other worlds, which move around them, as the planets do
around our sun. Their distances will, however, prevent our
ever knowing, except by conjecture, whether this is the case
or not, since, were tgey millions of times nearer us than they
are, we should not be able to discover the reflected light of
their planets.

CoMETSs.

892. Besides the planets, which move round the sun in
regular order and in nearly circular orbits, there belongs to

‘What is said concerning the difference of the distance between the
earth and the fixed stars at different seasons of the year, and of their
different ap; ce in conwfaence'l How may the distances of the
fixed stars be inferred, by the long absence and return of comets 7 On
. what grounds is it supposed that the fixed stars are suns to other worlds?



COMETS. 301

the solar system an unknown number of bodies called
Comets, which move round the sun in orbits exceedingly ec-
centric, or elliptical, and whose appearance among - our
heavenly bodies is only occasional. Comets, to the naked

e, have no visible disc, but shine with a faint, glimmering
light, and are accompanied by a train or tail, turned from
the sun, and which is sometimes of immense length. They
appear in every region of the heavens, and move in every
possible direction. .

In the days of ignorance and superstition, comets were
considered the harbingers of war, pestilence, or some other
great or general evil; and it was not until astronomy had
made considerable progress as a science, that these stran-
gars could be seen among our planets without the expecta-
tion of some direful event. :

893. It had been supposed that comets moved in straight
lines, coming from the regions of infinite, or unknown space,
and merely passing by our system, on their way to regions
equally unknown and infinite, and from which they never
returned. Sir Isaac Newton was the first to demonstrate
that the comets pass round the sun, like the planets, but that
their orbits are exceedingly elliptical, and extend out to a
vast distance beyond the solar system.

894. The number of comets is unknown, though some as-
tronomers suppose that there are nearly 500 belonging to
our system. Ferguson, who wrote in about 1760, sup-
posed that there were less than 30 comets which made us
occgsional visits; but since that period the elements of the
orbits of nearly 100 of these bodies have been computed.

Of these, however, there are only three whose periods of
return among us are known with any degree of certainty.
The first of these hasa per’ e
od of 75 years; thesecond
period of 129 years; and t}
third a period of 575 year
Thethirdappeared in 168
and therefore cannot be e:
pected again until the yee
2225.  This comet, - fig.,

223, in 1680, excited the

‘What number of comets are supposed to belong to our system ? How
many have had the elements of their orbits estimated by astronomers ?
How many are there whose periods of return are known? What is
said of the coinet of 16807 -

)
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most intense interest among the astronomers of Europe, on
account of its great apparent size and near approach to our
system. In the most remote part of its orbit, its dis-
tance from the sun was estimated at about eleven thou-
sand two hundred millions of miles. At its nearest ap.
proach to the sun, which was only about 50,000 miles, its
velocity, according to Sir Isaac Newton, was 880,000 miles
in an hour; and supposing it to have retained the sun’s neat,
like other solid bodies, its temperature must have been about
2000 times that of red hot iron. - The tail of this comet was
at Jeast 100 millions of miles long.

895. Inthe Edinburgh Encyclopedia, article Astronomy,
there is the most. complete mbfe of comets yet published.
This table contains the elements of 97 comets, calculated by
different astronomers, down to the year 1808.

From this table it appears that 24 comets have passed be-
tween the sun and the orbit of Mercury; 33 between the
orbits of Venus and the Earth; 15 between the orbits of the
Earth and Mars; 3 between the orbits of Mars and Ceres;
and 1 between the orbits of Ceres and Jupiter. It also ap-
pears by this table that 49 comets have moved round the
sun from west to east, and 48 from east to west.

896. Of the nature of these wandering planets very little is
known. When examined by a telescope, they appear likea
mass of vapours surrounding a dark nucleus. hen the
comet is at its perihelion, or nearest the sun, its colour seems
to be heightened by the intense light or heat of that luminary,
and it then often shines with more brilliancy than the planets.
At this time the tail or train, which is always directly oppo-
site to the sun, appears at its greatest length, but is com-
monly so transparent as to permit the fixed stars to be seen
through it. A variety of opinions have been advanced by
astronomers concerning the nature and causes of these
trains. Newton supposed that they were thin vapour, made
to ascend by the sun's heat, as the smoke of a fire ascends
from the earth ; while Kepler maintained that it was the
atmosphere of the comet driven behind it by the impulse of
the sun's rays. Others suppose that this appearance arises
from streams of electric matter passing away from the
comet, &c.

ELECTRICITY.

897. The science of Electricity, which nuw ranks as an
important branch of Natural Philosophy, is wholly of mo-
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dern date. The ancients were acquainted with a few de-
tached facts dependent on the agency of electrical influence,
but they never imagined that it was extensively concerned
in the operations of nature, or that it pervaded material sub-
stances generally. The term electricity is derived from elec-
tron, the Greek name of amber, because it was known to the
ancients, that when that substance was rubbed or excited, it
attracted or repelled small light bodies, and it was then un-
known tbat other substances when excited would do the same.

898. When a piece of glass, sealing wax, or amber, is
rubbed with a dry hand, and held towards small and light
bodies, such as threads, hairs, feathers, or straws, these bo-
dies will fly towards the surface thus rubbed, and adhere to
it for a shorttime. The influence by which these small sub-
stances are drawn, is called electrical atiraction ; the sur-
face having this attractive power is said to be ezcited ; and
the substances susceptible of this excitation, are called elec-
trics. Substances not having this attractive power when
rubbed, are called non-electrics.

899. The principal electrics are amber, rosin, sulphur,
glass, the precious stones, sealing wax, and the fur of quad-
rupeds. But the metals, and many other bodies, may be ex-
cited when insulated and treated in a certain manner.

After the light substances which had been attracted by the
excited surface, have remained in contact with it a short
time, the force which brought them together ceases to act, or
acts in a contrary direction, and the light bodies are repelled,
or thrown away from the excited surface. Two bodies, also,
which have been in contact with the excited surface, matually
repel each other.

900. Various modes have been devised for exhibiting dis
tinctly the attractive and repulsive agencies of electricity, and
for obtaining indications oF its presence, when it exists only
in a feeble degree. Instruments for this purpose are termed
Electroscopes. .

901. One of the simplest instruments of this kind con.sisﬁ
of a metallic needle, terminated at each end by a light pit
ball, which is covered with gold leaf, and supported hori-
zoutally at its centre by a fine point, fig. 224. When a
stick of sealing wax, or a glass tube, is excited, and then

From what is the term electricity derived 7 'What is electrical attrac-
tion ? What are electrics? What are non-electrics 3 What are the prin-
cipal electrics? What is meant by electrical repulsion? What is an
eloctroscope ? )



Tkt

304 ELECTRICITY.

preeented to one of these balls, Fig. 4.

the motion of the needle on 1ts

pivot will indicate the electri- o 3 —
cal influence.

902. Ifan excited substance
be brought near & ball made
of pith, or cork, suspended by a
silk thread, the ball will, in
the first place, approach the
electric, as at g, fig. 225, indi-

Fig. 285,
cating an attraction towards it, a

and if the position of the elec. b
tric will allow, the ball will :
come into contact with the

electric, and adhere to it fora = -

short time, and will then recede

from it, showing that it is re-

pelled, as at 5. If now the ball which had touched the elee-
tric, be brought near another ball, which has had no comma-
nication with an excited substance, these two balls will attract
each other, and come into contact; after which they will re-
pel each other, as in the former case.

903. It appears, therefore, that the excited body, as the
stick of sealing wax, imparts a portion of its electricity to the
ball, and that when the ball is also electrified, a mutual re-

nlsion then takes place between them. Afterwards, the

11, being electrified by contact with the electric, when
brought near another baﬁ not electrified, transfers a part of
its electrical influence to that, after which thess two balls ve-
pel each other, as in the former instance.

904. Thus, when one substance has a greater or less quan-
tity of electricity than another, it will attract the other sub-
stance, and when they are in contact will impart to it a por-
tion of this superabundance; but when the{ are both equally
electrified, both having more or less than their natural quan-
tigy of electricity, they will repel each other.

905. To account for these phenomena, two theories have
been advanced, one by Dr. Franklin, who upposes there is

‘When dq two electrified bodies attract, and when do they each
other? How will two bodies act, one having more, and the leas
than the natural quantity of electricity, when broug’ht near each other §
How wi'l‘l thdy act when both have more or less than their natural
quantity
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onqy one electrical fluid, and the other by Du Fay, who sup-
poses that there are. two distinct fluids.

906. Dr. Franklin supposed that all terrestrial substances
-were pervaded with the electrical fluid, and that by exciting
an electric, the equilibrium of this fluid was destroyed, so
that one part offxtlhe excited body contained more than its
natural quantity of electricity, a.n! the other part less. Ifin
this state a conductor of electricity, as a piece of metal, be
brought near the excited part, the accumulated electricity
would be imparted to it, and then this conductor would re-
ceive more than its natural quantity of the electric fluid.
This he called positive electricity. But if a conductor be
connected with that part which has less than its ordinary
share. of the fluid, then the conductor parts with a share of
its own, and therefore will then contain less than its natural
quantity. This he called negative electricity. When one
body . positively, and another negatively electrified, are con-
nected by a conducting substance, the fluid rushes from the
positive to the negative body, and the equilibrium is re-
stored. Thus, bodies which are said to be positively electri-
fied, contain more than their natural quantity of electricity,
while those which are negatively electrified contain less than
their natural quantity. :

907. The other theory is explained thus. When a piece
of glass is excited and made to touch a pith ball, as above
stated, then that ball will attract another ball, after which
they will mutually repel each other, and the same will hap-

en if a piece of seamg wax be used instead of the glass.

ut if a piece of excited glass, and another of wax, be made
to teuch two separate balls, they will attract each other; that
is, the ball which received its electricity from the wax will
nttract that which received its electricity from the glass, and
will be attracted by it. Hence Du Fay concludes that elec.
tricity consists of two distinct fluids, which exist together in
all bodies—that they have a mutual attraction for each other
—that they are separated by the excitation of electrics, and
that when thus separated, and transferred to non-electrics,
as to the pith balls, their mutual attraction causes the balls
to rush towards each other. These two principles he called

lain Dr. Franklin’s theorr of electricity. What is meant by

positive, and what by negative electricity ? Vahat is the consequenoe*

when a positive and a negative body are connected by a conductor

Explain Du Fay’s theory. When two balls ave electrified, one with

glass, and the other with wax, will they attract or repel each other ?
2+
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witreous and resinoss electricity. The vitreous being ob-
tamned from glass, and the resinous from wax and other re-
sinoussubstances.

908. Dr. Franklin's theory is by far the most simple, and
will account for most of the electrical phenomena equally
well with that of Du Fay, and therefore has been :gopted
by the most able and recent electricians. .

909. It is found that some substances conduct the electric
fluid from a positive to a negative surface with great facility,
while others conduct it with difficulty, and others not at a
Substances of the first kind are called conductors, and those
of the last mon-conductors. 'The electrics, or such substances
as, being excited, communicate electricity, are all non-con-
ductors, while the non-electrics, or such substances as do not
communicate electricity on being merely excited, are con-
ductors. The conductors are the metals, charcoal, water,
and other fluids, except the oils; also, smoke, steam, ice, and
snow. The best conductors are gold, silver, platina, brass,
and iron.

The electrics, or non-conductors, are glass, amber, sulphur,
lr::in, wax, silk, most hard stones, and the furs of some ani-

s.

910. A body is said to be insulated, when it is supported
or surrounded by an electric. Thus, a stool standing on
glass legs, is insulated, and a plate of metal laid on a plate
of glass, is insulated.

911. When large quantities of the electric fluid are want.
ed for experiment, or for other purposes, it is procured by an
electrical machine. These machines are of various forms,
but all consist of an electric substance of considerable di-
mensions ; the rubber by which this is excited; the prime
conductor,on which the electric matter is accumulated ; the
insulator, which prevents the fluid from escaping; and ma-
chinery, by whicE the electrie is set in motion.

912. Fig. 226 represents such a machine, of which A is
the eleetric, being a cylinder of glass; B the prime con-
ductor; R the rubber or cushion, and C a chain connecting
the rubber with the ground. The prime tonductor is sup

‘What are the two electricities called 2 From what substances are the
two electrigities obtained ? 'What are conductors? 'What are non-con-
ductors? ‘What substances are conductors 2 W hat substances are the
best conductors? What substances are electrics, or non-conductors?
“When is a body said to s insulated? What arc the several parts of
un electrical machine 7 : .
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pareed by a standard of glass. Sometimes, also, the pillars
which support the axis of the cylinder, and that to which the
cushion is attached, are made of the same material. The
prime conductor has several wires inserted into its side, or
end, which are pointed, and stand with the points near the
cylinder.  They receive the electric fluid from the glass,
and convey it to the conductor. The conductor is commonl
made of sheet brass, there being no advantage in having it
solid, as the electric fluid is always confined entirely to the
surface. Even paper, covered with gold leaf, is as effective
1n this respect, as Slough the whole was of solid gold. The
cushion is attached to a standard, which is farnished with a
thumb screw, so that its pressure on the cylinder can be in-
creased or diminished. The cushion is made of leather,
stuffed, and at its upper edge there is attached a flap of silk,
F,by which e greater surface of the glass is covered, and the
electric fluid thus prevented, in some degree, from escaping.
The efficacy of the rubber in producing the electric excita-
tion is much increased by spreading on it a small quantit
of an amalgam of tin and mercury, mixed with a little lard,
or other unctuous substance.

. What is the use of the pointed wires in the prime conductor ? How
is it accounted for, that a” mers surface of metal will contain as much
electric fluid as though it were solid 7 When a piece of glass, or sealing
wax, is excited, by rubbing it with the hand, ora piece of silk, whence
comes the electricity %
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918. The manner 1n which this machine acts, may be in-
ferred from what has already been said, for when a stick of
sealing wax, or a glass tube, is rubbed with the hand, or a
piece of silk, the electric fluid is accumulated on the excited
substance, and therefore must be transferred from the hand,
or silk, to the electric. In the same manner, when the
cylinder is made to revolve, the electric matter, .0 conse-
quence of the friction, leaves the cushion, and is accumulated
on the glass cylinder, that is, the cushion becomes nega-
tively, and the glass positively electrified. The fluid, being
thus excited, is prevented from escaping by the silk flap, until
it comes to the vicinity of the metaﬁic points, by which it is
conveyed to the prime conductor. But if the cushion is in-
sulated, the quantity of electricity obtained will soon have
reached its limit, for when its natural quantity has been
transferred to the glass, no more can be obtained. It is then

" necessary to make the cushion communicate with the ground,
which is done by laying the chain on the floor, or table,
when more of the fluid will be accumulated, by further ex-
citation, the ground being the inexhaustible source of the
eleetric fluid.

914. If a person who is insulated takes the chain in his
hand, the electric fluid ‘will be drawn from him, along the
chain, to the cushion, and from the cushion will be transfer-
red to the prime conductor, and thus the person will become
negatively electrified. If, then, another person, standing on
the floor, hold his knuckle near him who is insulated, a
spark of electric fire will pass between them, with a crack-
ling noise, and the equilibrium will be restored ; that is, the
electric fluid will pass from him who stands on the floor, to
him who stands on the stool. But if the insulated person
takes hold of a chain, connected with the prime conductor,
he may be considered as forming a part of the conductor, and
therefore the electrie.fluid will be accumulated all over his
surface, and he will be positively electrified, or will obtain
more than his natural quantity of electricity. If now a per-
son standing on the floor touch this person, he will receivea

‘When the cushion is insulated, why is there a limited quantity of
electric matter to be obtained from it7 What is then necessary, that
more electric matter may be obtained from the cushion ? If an insulated
person takes the chain, connected with the cushion, in his hand, what
change will be produced in his natural quantity of electricity 7 If the
insulated person takes hold of the chain connected with the prime con-
ductor, and the machine be worked, what then will be the change pro-
duced in his electrical state ? v
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spark of electrical fire from him, and the equilibrium will
again be restored.

915. If two persons stand on two insulated stools, or if
they both stand on a plate of glass, or a cake of wax, the
one person being connected by the chain with the prime con-
ductor, and the other with the cushion, then, after working
the machme, if they touch each other, a much stronger
shock will be felt than in either of the other cases, because
the difference between their electrical states will be greater,
the one having more and the other less than his natural
quantity of electricity. Butif the two insulated persons both
take hold of the chain connected with the prime conductor,
* or with that connected with the cushion, no spark will pass
between them, on touching each other, because they will
then both be in the same electrical state.

916. We have seen, fig. 224, that the pith ball is first at-
tracted and then repelled, by the excited ‘electric, and thatthe
ball so0 repelled will attract, or be attracted by other sub-
stances in its vicinity, in consequence of having received
from the excited body more than its ordinary quantity of
electricity.

These alternate movements are amus- Fig.327.
ingly exhibited, by placing some small )
light bodies, such as the figures of men
and women, made of pith, or paper, be-
tween two metallic plates, the one placed
over the other, as in fig. 227, the upper
plate communicating with the prime con-
ductor, and the other with the ground.
When the electricity is communicated
to the upper plate, the little figures,
being attracted by the electricity, will
jump up and strike their heads against
it, and having received a portion of the
fluid, are instautl{ repelled, and agai
attracted by the

ower plate, to which —
they impart their electricity, and then are again attracted,
and so fetch and carry the electric fluid from one to the
ather, as long as the upper plate contains more than the

If two insulated dpersons take hold of the two chains, one connected

* with the prime conductor, and the other with the cushion, what changes
will be produced ? Ifthey both take hold of the same chain, what wi.l
be the effect Exglam the reason why the little images dance hetween
the two metallic plates, fig. 237,

e

¥ S
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jower one. In the same manner, a tumbler, if electrified om .
the inside, and placed over light substances, as pith balls, will .
cause them to dance for a considerable time. .

917. This alternate attraction and repulsion,htf moveable
conductors, is also pleasingly illustrated with a suspend-
ed by a silk string between two bells of brass, fig. 228, one

of the bells being electrified, and the Fig. 238.
other communicating with the ground. —
The alternate attraction and repul- F

sion, moves the ball from one bell to
the other, and thus produces a con-
tinual ringing. In all these cases,
the ﬁhenomena will be the same,
whether the electricity be positive
© or negative; for two bodies, being -

both positively or negatively electri- L

fied, repel each other, but if one be
electrified positively, and the other
negatively, or not at all, they attract
each other. ~

Thus, a small figure, in the human shape, with the head
covered with hair, when electrified, either positively or ne-
gatively, will exhibit an appearance of the utmost terror,
each hair standing erect, and diverging from the other, in
consequence of mutual repulsion. A person standing on an
insulated stool, and highly electrified, will exhibit the same
appearance. In cold, dry weather, the friction produced
by combing a person’s hair, will cause a less degree of the
same effect. In either case, the hair will collapse, or shrink
to its natural state, on carrying a needle near it, because this
conducts away the electric fluid. Instruments designed to
measure the intensity of electric action, are called electro-
meters. ’

918. Such an instrument is represented by fig. 229. It
consists of a slender rod of light wood, a, terminated by a
pith ball, which serves as an index. This is suspended at
the upper part of the wooden stem b, so as to play easil
backwards and forwards. The ivory semicircle c, is affix
to the stem, having its centre coinciding with the axis of mo-

Explain fig. 228. Does it make any difference in respect to the mo-
tion of the images, or of the ball between the bells, whether the electri-
city be positive or negative? 'When a person is highly electrified, why
does hgq‘xhibitm appearance of the utmost terror ? What is an eleo-
trometer
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tion of the rod, so as to measure theangle of ' Fig. 2.
deviation from the perpendicular, which the
repulsion of the ball from the stem produces

m the index.

When this instrument 18 used, the lower
end of the stem is set into an aperture in the
prime conductor, and the intensity of the elec-
tric action is indicated by the number of de-

the index is repelled from the perpen-
icular. ' b

The passage of the electric fluid through
a perfect conductor is never attended with
L it. or the crackling noise, which is heard
when it is transmitted through the air, or along the surface
of an electric.

919. Several curious experiments illustrate this principle
for if fragments of tin foil, or other metal, be pasted on a
piece of glass, so near each other that the electric fluid can

- pass between them, the whole line thus formed with the
pieces of metal, will be illuminated by the passage of the
electricity from one to the other.

Fig. 230.

920. In this manner, figures or words may be formed, as
in fig. 230, which, by connecting one of its ends with the
prime conductor, and the other with the ground, will, when
the electric fluid is passed through the whole, in the dark,
appear one continuous and vivid line of fire.

921. Electrical light seems not to differ, in any respect,
from the light of the sun, or of a burning lamp. 'Dr. Wol-
laston observed, that when this light was seen through a
prism, the ordinary colours arising from the decomposition
of light were obvious.

Describe that represented in fig. 229, together with the mode of usin,
¥ When the electric fluid pugun along a perfect conductor, is 1t af—
tended with light and noise, or not? When it passes along an electric,
or through the air, what phenomena does it exhibit? Describe the ex-
periment, fig. 230, intenced to illustrate this principle. What is the
appearance of electrical light through a prism f
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922. The brilliancy of electrical sparks is proportional to
the conducting power of the bodies between which it passes.
When an imperfect conductor, such as a piece of wood, is
employed, the electric light appears in faint, red streams,
while, if Passed between two pointed metals, its colour is of
a more brilliant red. Its ooﬁ:our -also differs, according to

. the kind of substance from, or to which, it passes, or itisde-
gendant on peculiar circumstances. Thus, if the electric
uid passes between two polished metallic surfaces, its colour
is nearly white ; but if the spark is received by the finger
from such a surface, it will be violet. The sparks are green,
when taken by the finger from a surface of silvered leather ;
yellow, when taken from finely powdered charcoal; and
purple, when taken from the greater number of imperfect
conductors.

923. When the electric fluid is discharged from a point,
it is always accompanied by a current of air, whether the
electricity be positive or negative. The reason of this ap-
pears to ge, that the instant a particle of air becomes electri-
fied, it repels, and is repelled, by the point from which it re-
ceived the electricity.

924. Several curious little experiments are made on this
principle. Thus, let two cross wires, as in fig. 231, be sus-
Eended on a pivot, each having its point Fig. 231.

ent in a contrary direction, and electri-
fied by being placed on the prime con-
ductor of a machine. These points, so
long asthe machine is in action, will give
off streams of electricity, and as the parti-
cles of air repel the points by which they
are electrified, the little machine will turn
round rapidly, in the direction contrary to
that of the stream of electricity. Perhaps, also, the reaction
of the atmosphere against the current of air given off by the
points, assists in giving it motion.

925. When one part or side of an electric is positively, the
other part or side is negatively electrified. Thus, if a plate
of glass be positively electrified on one side, it will be nega-
tively electrified on the other, and if the inside of a glass ves-
sel be positive, the outside will be negative.

‘What issaid concerning the different colours of electrical light, when
passing between surfaces of different kinds? Describe fig. 231, and
explain the principle on which its motion depends. Suppose one part
or side of an electric is positive, what will be the e'ectrical state of the
other side or part?
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©26. Advantage of this ¢ircumstance 18 taken, in the con-
structios of electrical jars, called, from the place where they
were first made, Leyden vials.

The most common form of this jar is repre-
sented by fig. 232. It consists of a glass ves-
sel, coated on both sides, up to a, with tin foil;
the upper part being left naked, so as to pre-
vent a spontaneous discharge, or the passage
of the electric fluid from one coating to the
other. A metallic rod, rising two or three
inches above the jar, and terminating at the
top with a brass ball, which is called the
knob of the jar, is made to descend through
the cover, till it touches the interior coating.
It is along this rod that the charge of elec-
tricity is conveyed to the inner coating, while
the outer coating is made to communicate with the ground.

927. When a chain is passed from the prime conductor of
an electrical machine to this rod, the electricity is accumu-
lated on the tin foil coating, while the glass above the tin
foil prevents its escape, and thus the jar becomes charged.
By connecting together a sufficient number of these jars, any
quantity of the electric fluid may be accumulated. For this
purpose, all the interior coatings of the jars are made to
communicate with each other, by metallic rods passing be-
tween them, and finally terminating in a single rod. A
similar union is also established, by connecting the external
coats with each other. 'When thus arranged, the whole se-
ries may be charged, as if they formed but one jar, and the
whole series may be discharged at the same instant. Such
a combination of jars is termed an electrical battery.

928. For the purpose of making a direct communication
between the inner and outer coating of a single jar, or bat-
tery, by which a discharge is effected, an instrument called
a discharging rod is employed. It consists of two bent
metallic rods, terminated at one end by brass balls, and at the
other end connected by a joint. This joint is fixed to the end
of a glass handle, and the rods being moveable at the joint,
the balls can be separated, or brought near each other, as

‘What of the electrical apparatus is constructed on this principle ?
How is the Leyden vial constructed ? Why is not the whole surface of
the vial covered with the tin foil? How is the Leyden vial charged?
In what manner may a number of these vials be charged ? What 18 an
clectrical battery ?

k1



314 m.nc.'nitorrr.

occasion requires. When opened to a proper distance, one
ball is made to touch the tin foil on the outside of the jar, and
then the other is brought in Fig. 233.
contact with the knob of the jar,

as seen in fig. 233. In this

manner a discharge is effected,

or an equilibrium produced be-

tween the positive and negative

sides of the jar.

When it is desired to pass
the charge through any sub-
stance for experiment, then an :
electrical circuit must be estab- ‘
lished, of which the substance to be experimented on must
form a part. That is, the substance must be placed between
the ends of two metallic conductors, one of which communi-
cates with the positive, and the other with the negative side
of the jar, or battery.

929. When a person takes the electrical shock in the
uvsual manner, he merely takes hold of the chain connected
with the outside coating, and the battery being charged,
touches the knob with his finger, or with a metallic rod.
On making this circuit, the fluid passes through the person
from the positive to the negative side.

930. Any riumber of persons may receive the electrical
shock, by taking hold of each other’s hands, the first person
touching the knob, while the last takes hold of a chain con-
nected with the external coating. .In this manner, hundreds,
or perhaps thousands of persons, will feel the shock at the
same instant, there being no perceptible interval in the time
when the first and the last person in the circle feels the
sensation excited by the passage of the electric fluid.

931. The atmosphere always contains more or less elec-
tricity, which is sometimes positive, and at others negative.
It is, however, most commonly positive, and alwaysso when
the sky is clear, or free from cloudsor fogs. It is always
stronger in winter than in summer, and during the day than
during the night. It is also stronger at same hours of the

Explain the design of fig. 233, and show how an equilibrium is pro.
duced by the discharging rod. When it is desired to pass the electrical
fluid through ani substance, where must it be placed in respect to the
two sides of the ry? Su the battery is charged, what must a
person do to take the shock ¥ What circumstance is related, which
shows the surprising velocity with which electricity is transmitted ¢
Is the electricity of the atmosphere positive or negative ?
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day than at others; being stron about 9 o'clock in the
morning, and weakest about the middle of the afternoon.
I'hese different electrical states are ascertained by means of
1ong metallic wires extending from one building to another,
and connected with electrometers.

932. It was proved by Dr. Franklin, that the electric
ftuid and lightning. are the same substance, and this identity
nas been confirmed by subsequent writers on the subject.

If the tEraperties and phenomena of lightning be com-
eared with those of electricity, it will be found that they dif-
ser only in respect to degree. Thus, lightning passes 1n ir-
segular lines through the air; the discharge of an elec-
trical battery has the same appearance. Lightning strikes
the highest pointed objects—takes in its course the best con-
ductors—sets fire to non-conductors, or rends them in pieces
—and destroys animal life; all of which phenomena are
caused: by the electric fluid. .

. 983. Buildings may be secured from the effects of light-

ning. Dy fixing to them a metallic rod, which is elevated
above any part of the edifice and continued to the moist
ground, or to the nearest water. Copper, for this purpose,
18 better than iron, not only because it is less liable to rust,
but because it is a better conductor of the electric fluid. The
upper pari of the rod should end in several fine points,
which musi e covered with some metal not liable to rust, -
such as goid, piatina, or silver. No protection is afforded
by the conauctor untess 1t is continued without interruption
Jfrom the vop to the oottom of the building, and it cannot be
relied on as o protector, unless it reaches the moist earth, or
ends in water connecied with the earth. Conductors of cop-
per may be three rourths of an inch in diameter, but those of
iron should be at teast an inch in diameter. In large build-
ings, complete vrotection requires many lightning rods, or
that they should he elevated 1o a height above the building
in proportion to the smallness of their numbers, for modern
experiments have proved that a rod only protects a circle
around it, the radius of which is equal to twice its length
above the building.

At what times does the atmosphere contain most electricity 3 How are
the different electrical states of the atmosphere ascertained T Who first
discovered that electricity and lightning are thesame? What phenomena
are mentioned which belong in common to_electricity and hghtnmg‘l
How may buildings be protected from the effects of lightning 7 Which
is the best conductor, iron or copper? What circumstances are neces-
sary, that the rod may be relied on as a protector
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934. Bome fishes have the power of giving electrical
shocks, the effects of which are the same as those obtained
" bythe friction of an eiectric. The best known of these are
the Torpedo, the Gymnotus elsciricus, and the Silurus elec-
tricus.

935. The torpedo, when touched with both bands at the
same time, the one hand on the under, and the other on the
upper surface, will give a shock like that of the Leyden
vxali; which shows that the upper and under surfaces of the
electric organs are in the positive and negative state, like the
inner and outer sitrraces of the electrical jar.

936. The gymnotus electricus, or electrical eel, esses
all the electrical powers of the torpedo, but in a much higher
degree. 'When small fish are placed in the water with this
animal, they are generally stunned, and sometimes killed,
by his electrical shock, after which he eats them if hungry.
’lyhe strongest shock of the gymnotus will pass a short dis-
tance through the air, or across the surface of an electric,
from one conductor to another, and then there can be per-
ceved a small but vivid spark of electrical fire ; particularly
if the experiment be made in the dark. :

MAGNETISM.

937. The native Magnet, or Loadstone, is an ore of iron,
which is found in various parts of the world. Its colour is
iron black; its specific gravity from 4 to 5, and it is some-
times found in crystals. This substance, without any pre-
paration, attracts iron .and steel, and when suspended by a
string, will turn one of its sides towards the north, and
another towards the south.

938. It appears that an examination of the properties of
this species of iron ore, led to the important discovery of the
magnetic needle, and subsequently laid the foundation for the
science of Magnetism ; though at the present day magnets are
made without this article.

939, The whole science of magnetism is founded on the
fact, that pieces of iron or steel, after being treated in a certain
manner, and then suspended, will constantly turn one of their
ends towards the north, and consequently the other towards

‘What animals have the power of giving electrical shocks? Is this
electricity supposed to differ from that obtained by art ? How must the
hands be applied, to take the electrical shack of these animals? What
is the native mnﬁ:‘et, or loadstone? What are the properties of the
loadstone ? On what is the who e subject of magnetism founded ?
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the south. The same property has been more recentl
proved to belong to the metals nickel and cobalt, thoug
with much less intensity.

940. The poles of a magnet are those parts which possess-
the greatest power, or in which the magnetic virtue seems
to be concentrated. One of the poles points north, and the
other south. The magnetic meridian is a vertical circle
in the heavens, which intersects the horizon at the points to
which the magnetic needle, when at rest, directs itself.

941. The azis of a magnet, is a right line which passes
from one of its poles to the other.

942. The equator of a magnet, is a line perpendicular to
its axis, and is at the centre between the two poles.

943. The leading properties of the magnet are-the fol-
lowing. It attracts iron and steel, and when suspended so
as to move freely, it arranges itself so as to point north and
south : this is called the polarity of the magnet. When the
south pole of one magnet is presented to the north pole of
another, they will attract each other: thisis called magnetic
attraction. But if the two north or two south poles be
brought together, they will repel each other, and this is
called magnetic repulsion. 'When a magnet is left to move
freely, it does not lie in a horizontal direction, but one pole
inclines downwards, and consequently the other is elevated
above the line of the horizon. This is called the dipping,
or inclination of the magnetic needle. Any magnet is ca-
pable of communicating its own propetties to iron or steel,
and this, again, will impart its magnetic virtue to another
piece of steel, and so on indefinitely.

944. If a piece of iron or steel be brought near one of
the poles of a magnet, they will attract each other, and if
suffered to come into contact, will adhere so as to require
force to separate them. This attraction is mutual ; for the
iron attracts the magnet with the same force that the mag-
net attracts the iron. This may be proved, by placing the
iron and magnet on pieces of wood floating on water, when
they will be seen to approach each other mutually.

What other metals besides iron possess the magnetic propert{l‘:
What are the poles of a magnet 7 What is the axis of a magnet? W,

is the equator of a magnet ? What is meant by the polarity of a mag-
net 1 hen do two magnets attract, and when repel each other?
‘What is understood by the dipping of the magnetic needle ? How is it
proved that the iron attracts the magnet with the same force that the
magnet attracts the iron

o
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945. The force of magneuc attraction varies with the dis-
tance in the same ratio as the force of gravity; the attract-
ing force being inversely as the square of the distance be-
tween the magnetand the iron.

946. The magnetic force is not sensibly affected by the
interposition of any substance except those containing iron,
or steel. Thus, if two magnets, or a magnet and piece of
iron, attract each other with a certain force, this force will
be the same, if a plate of glass, wood, or paper, be placed be-
tween them. Neither will the force be altered, by placin
the two attracting bodies under water, or in the exhaus
receiver of an air pump. This proves that the magnetic in-
fluence passes equally well through air, glass, wood, paper,
water, and a vacuum.

947. Heat weakens the attractive power of the magnet,
and a white heat entirely destroysit. Electricity will change
the ]lmles of the magnetic needle, and the explosion of a
small quantity of gun-powder on one of the poles, will have
the same effect. .

948. The attractive power of the magnet may be increased -
by permitting a piece of steel to adhere to it, and then sus-
pending to the steel a little additional weight every day, for
it will sustain, to a certain limit, a little more weight on one
day than it would on the day before.

949. Small natural magnets will sustpin more than large
ones in proportion to their weight. It is rare to find a na-
tural magnet, weighing 20 or 30 grains, which will lift moze
than thirty or forty times its own weight. But a minute
piece of natural magnet, worn by Sir Isaac Newton, in a
ring, which weighed only three grains, is said to have been
capable of lifting 746 grains, or nearly 250 times its own
weight,

. 950. The magnetic property may be communicated from
the loadstone, or artificial magnet, in the following manner,
it being understood that the north pole of one of the mag-
nets employed, must always be drawn towards the south pole
of the new magnet, and that the south pole of the other mag-
net employed, is to be drawn in the contrary direction. The

How does the force of magnetic attraction vary with the distance 3
Does the magnetic force vary with the interposition of any substance
between the attracting bodies? What is the effect of heat on the mag-
net 2" What is the effect of electricity, or the explosion of gun-powder
onit? How may the power of a magnet be increased ? What is said
concerning the comparative powers of great and small magnets 1
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north poles of magnetic bars are usually marked with a line
across them, so as to distinguish this end from the other.
951. Place two mag- i
netic bars, ¢ and b, fig. -
234, so that the north
end of one may be near-
est the south end of the
other, and at such a dis-

may rest upon them. Having thus arran them, as
shown in the figure, take the two magnetic d and ¢,
and apply the south end of ¢, and the north end of d, to the
middle of the bar ¢, elevating their ends as seen in the figure.
Next separate the bars ¢ and d, by drawing them in oppo-
site directions along the surface of ¢, still preserving the ele-
vation of their ends; then removing the bars d and e to the
distance of a foot or more from the bar ¢, bring their north
and south poles into contact, and then having again placed
them on the middle of ¢, draw them in contrary directions,
as before. The same process must be repeated many times
on each side of the bar ¢, when it will be found to have ac
quired a strong and permanent magnetism.

952. If a bar of iron be placed, for a long period of time,
in @ north and south direction, or in a perpendicular posi-
tion, it will often acquire a strong magnetic power. Old
tongs, pokers, and fire shovels, almost always possess more
or less magnetic virtue, und the same is found to be the case
. with the iron window bars of ancient houses, whenever they

{mve happened to be placed in the direction of the magnetic

ine. :

953. A magnetic needle, such as is employed in the mari-
ner's and surveyor's compass, may be made by fixing a
piece of steel on a board, and then drawing two magnets
from the centre towards each end, as directed at fig. 234.
Some magnetic needles in time lose their virtue, and require
again to be magnetized. This may be done by placing the
needls, still suspended on its pivot, between the opgsite poles
of two magnetic bars. While it is receiving t et-
ism, it will be agitated, moving backwards and fo as

Explain fig. 234, and describe the mode of making a magnet. In
what positions do bars of iron become magnetic spontaneously ? How
may a needle be magnetized without removing it from its pivot
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though it were animated, but when it has become perfect.y
magnetized, it will remain quiescent.

954. The dip, or inclination of the magnetic needle, is its
deviation from its horizontal position, as already mentioned.
A piece of steel, or a needle, which will rest on its centre,
in & direction p.rallel to the horizon, before it is magnet-
ized, will afterwards incline one of itz ends towards the
earth. This property of the magnetic needle was discovered
by a compass er, who, having finished his needles be-
fore they were magnetized, found that immediately after-
wards, dzeir north ends- inclined towards the earth, so that
he was obliged to add small weights to their south poles, in
order to make them balance, as before.

955. The dip of the magnetic needle is measured by &
graduated circle, placed in the vertical position, with the
needle suspended by its side. Its inclination from a hori-
zontal line marked across the face of this circle, is the mea-
sure of its dip. The circle, as usual, is divided into 360 de-

and these into minutes and seconds.

956. The dip of the needle does not vary materially at the
same place, but differs in different latitudes, increasing as it
is carried towards the north, and diminishing as it is carried
towards the south. At London, the dip for many years has
varied little from 72 degrees. In the latitude of 80 degrees
north, the dip, according to the observations of Capt. Parry,
was 88 degrees.

957. Although, in general terms, the magnetic needle is
said to point north and south, yet this is very seldom strictly
true, there being a variation in its direction, which differs in
degree at different times and places. This is called the va-
riation, or declination, of the magnetic needle.

958. This variation is determined at sea, by observing
the different points of the compass at which the sun rises, or
sets, and comparing them with the true points of the sun’s
rising or setting, according to astronomical tables. By such -
observations it has been ascertained that the magnetic needle
is continually declining alternately tothe eastor west from due
north, and ﬂ{at this variation differs in different parts of the

How was the dip of the magnetic needle firet discovered? In what
manner is the dip measured 7 "What circumstance increases or dimi-
nishes the dip of the needle? What is meant by the declination of the
magnetic needle? How is this variation determined ? 'What has been
ascertained concerning the variation of the needle at different times
and places ?
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world at the same time, and at the same piace at diffarent
times. -

959. In 1580, the needle at London pointed 11 degrees
15 minutes east of north, and in 1657 it pointed due north
and south, so that it moved during that time at the mean rate
of about 9 minutes of a degree in each year, towards the
north. Since 1657, according to observations made in Eng-
land, it has declined gradually towards the west, #o that in
1808, its variation west of north was 24 degrees.

960. At Hartford, Connecticut, in latitude about 41, it ap-
pears from & record of its variations, that since the year
1824, the magnetic needle has been declining towards the
west, at the mean rate .of 3 minutes of a degree annually,
and that on the 20th of July, 1829, the variation was 6 de-
grees 3 minutes west of the true meridian.

961. The cause of this annual variation has not been
demonstrated, though according to the experiment of Mr.
Canton, it has been ascertained that there are slight varia-
tions during the different months of the year, which seem to
depend on the degrees of heat and cold.

962. The directive power of the magnet is of vast im-
portance to the world, since by this power, mariners are
enabled to conduct their vessels through the widest aceans,
in any given direction, and by it travellers can find their
way across deserts which would otherwise be impassable.

GALVANISM.

.963. The design of this epitome of the principles of Gal-
vanism, is to prepare the pupil to understand the subject of
Electro-Magnetism, whic{ on account of several recent pro-
r;sitions to apply this power to the movement of machinery,

s become one of the exciting scientific subjects of the day.

We shall therefore leave the student to learn the history-
and progress of Galvanism from other treatises, and come at
once to the principles of the science.

964. When two metals, one of which is more easily ox
idated than the other, are placed in acidulated water, and the
two metals are made to touch each other, or a metallic
commaunication is made between them, there is excited an
electrical or galvanic current, which passes from the metal
most easily oxidated, through the water, to the other ‘metal,

‘What conditions are necessary to excite the galvanic action? From
which metal does the galvanism proceed ?
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and from the other metal through the water around 10 ene
first metal again, and 8o in a perpetual circuit.

965. If we take, for example, a slip of zinc, and another
of copper, and place them in a cup of diluted sulphuric acid,
fig. 235, their upper ende in contact, and above the water,
and their lower ends separated, then Fig. 235.
there will be constituted a galvanic S
circle, of the simplest form, consisting
of three elements, zinc, acid, copper.

The galvanic influence being excited
by the acid, will pass from the zinc, Z,
the metal most easily oxidated, through
the acid, to the copper, C, and from the
copper to the zinc again, and so on
continually, until one or the other of the
elements is destroyed, or ceases to act.

966. The same effect will be produced, if, instead of allow-
ing the metallic plates to come 1n contact, a communication
between them be made by means of wires, as shown by fig.
236. In this case, as well _ Fig.236.
asin the former, the electri- X
city Eoceeds from the zinc,

Z, which is the positive side,
to the copper, C, being con-
ducted by the wires in the
dircction shown by the ar- I
rows.

967. The completion of
the circuit by means of wires,
enables us to make experi-
ments on different substances

.. by passing the galvanic in- —ax

“fluence, through them, this being the method employed to
exhibit the effects of galvanic batteries, and by which the
most intense heat may be produced.

CoMPouNp Garvanic CircLEs.

968. In the above instances we have only illustrations of
what is tgrmed a simple galvanic circle, the different ele-
ments being all required to elicit the electrical influence.
When these elements are repeated.lapd a series is formed,

Describe the circuit. What is the effect if wires be employed in-
lteaglot:allo;{mgthe two metals to touch? What is a compound gal-
vanic circle
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ronsisting of zinc, copper, acid; zinc, copper, acid, there is
constituted what is termed a compound galvanic circle. It
is by this method that. large quantities of electricity are ob-
tained, and which then becomes a highly important chemical
agent, and by which experiments of great brilliancy and in-
terest are performed. .

969. The pile of Volta was one of the earliest means b
which a compound galvanic series was exhibited. This
consisted of a great number of silver or copper coins, and
thin pieces of zinc of the same dimensions, together with
circugar pieces of card, wet with an acid, piled, one series -
above the other, in the manner shown by fig. 237.

970. The .student should be informed that it makes no
difference what the metals are which form the galvanic
series, provided one be more easily oxidated, or dissolved in
an acid, than the other, and that the Fig. 237.
most oxidable one always forms zl -
the positive side. Thus, copper is 8
negative when placed with zinc, but . 4
becomes positive with silver. s|

971. The three substances com-A
posing the pile, zinc, silver, wet card,a s]
and markes Z, S, W, succeed each
other in the same order throughout z
the series, and its power is equal to
a single circle, multiplied by the num- :I
ber of times the series is repeated. - 8

TroueH BATTERY.

972. The galvanic pile. is readily constructed, and an-
swers for small experiments, but when large quantities of
electricity are required, other means are resorted to, and
among these, what is termed the ¢rough battery is the most
convenient and efficacious. k ~

973. The zinc and copper plates. ara fastened to a slip of
mahogany wood, and are united in pairs by a piece of metal
soldered to each. Each pair is so placed asto enclose a
partition of the trough between them, each cell containing a
plate of zinc conpected with the copper plate of the succeed-
ing cell, and a plate of copper joined with the zinc plate of
the preceding cell.

!

How is the pile of Volta constructed? What qualities are requisits
in the two metals in order to yield the galvanic influence? Describe
the trough battery.
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974. Thisatrange- Fig. 238,
ment will be under-
stood by figure 238,
where the plates P
are connected in the
order described, and P
belowthem thetrough
T, to contain the acid
into which the plates
are to be plunged. 1

975. The trough
1 made of wood, with

itions of glass, or
m is better, of
Waedgewood’s - ware.
Each trough contains eight or ten cells, which being filled
with diluted acid, the plates are suspended and let down into
them by means of a pulley. The advantage of this method
is, that the plates can be elevated at any moment, and are
easily kept clean from rust, without which-the galvanic ac-
tion becomes feeble. .

976. A great variety of other forms of metallic combina-
tions have been dev: to exhibit the galvanic action, but the
same elements, namely, two metals and an acid, are required
in all, nor do the results differ from those above described.
The several kinds of galvanic machines already described,
are therefore considered sufficient for the objects of this
epitome.

ELECTRO-MAGNETISM.

977. Long before the discovery of galvanism, it was sus-
pected by those who had made the subjects of magnetism and

1\elet:tl'ja:ity objects of experiment and research, that there ex-

isted an affinity or cermectign between them. - In the year
1774, one of the philosophical societies of Germany pro-
posed as the subject of a prize dissertation, the question, “Is
there a real and Physicaf analogy between the electric and
magnetic forces?” The question was, however, then an-
swered in the negative; but naturalists still appear to have
kept the same subject in view, and by the ogservation of

‘What arethe advantages of the trough battery ? What is said of the
suspicion of analogy between electricity and magnetism before the dis-

covery of galvanism %
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new facts, the existence of such an analogy was from time
to time affirmed by various philosophers.

978. The aurora borealis, which has long been supposed
to be an electrical phenomenon, was observed to influence
the magnetic needle; and lightning, well known to be
nothing more than an electrical movement, was known in
many instances to have destroyed or reversed the polarity of
the compass. .

979. An instance of this kind, which might have led to
ve?v disastrous consequences, is related of a ship in the
mi

idst of the Atlantic, which being struck with lightning, -

had the polarity of all her compasses reversed. This being
unknown, the ship was directed as usual by the compass
until the ensuing evening, when the stars showed. that her
direction was in the exact opposite course from what was
intended, and then it was that the phenomenon in question
was first suspected. ’

980. These discoveries of course led philosophers to t
the effects of powerful electrical batteries on pieces of stee!
and although polarity was often induced in this manner, yet
the results were far from being uniform, and the experi-
ments on this subject seem in a measure to have ceased,
when the discovery of the galvanic influence opened a new
field of inquiry, and gave such an impulse to the labours,
investigations, and experiments of philosophers throughout
Europe, as perhaps no other subject had ever done.

981. It was, however, more than twenty years from the
time of Galvani's discovery, before the science of Electro-
Magnetism was developed, the first having taken place in
1791, while the experiments of M. Qersted, the real disco-
‘verer of Electro-Magnetism, were made in 1819.

982. M. Oersted was Professor of Natural Philosophy,
and Secretary to the Royal Society of Copenhagen.
experiments, and others on the subject_in‘q¥stion, are de-
tailed at considerable length, and illustrated by many draw-
ings, but we shall here-only give such an abstract as to make
the subject clearly understood. ' .

983.- The two poles of the battery, fig. 255, are connecteu
by means of a copper wire of a yard ortwo in length, the
two parts being supported on a table in a north and south
direction, for some of the experiments, but in others the di-

Is there any connection between the aurora borealis and the magnetie
needle? What is said to have been the effect of Iightning on the
~ompasses of a ship at sea? What is the uniting wire ’

%
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rection must be ¢ as will be seen. 'This wire, it will
be remembered, is called the unriting wire.

984. Being thus prepared, and the galvanic battery in
action, take a magnetic needle six or eight inches long, pro-
gerly balanced on its pivot, and having detached the wire

om one of the Yolee, place the magnetic needle under the
wire, bat parallel with it, and having waited 8 moment for
- the vibrations to cease, attach the uniting wire to the pole.
The instant this is done, and the galvanic circuit completed,
the needle will deviate from its north and south position,
turning towards the east or west, according to the direction
in which the galvanic current flows. If the current flows
from the north, or the end of the wire along' which it passes
to the south is connected with the positive side of the battery,
then the north pole of the needle will turn towards the east;
but if the direction of the current is changed, the same pole
will turn in the opposite direction. .

985. If the uniting wire is placed under the needle, in-
stead of over it, as in the above experiment, the contrary ef
fect will be produced, and the north pole will deviate to-
wards the west, ’ :

986. These deviations will be understood by the follow-
ing figures. In fig. 239, N presents the north, and S the
south pole of the magnetic nee- Fig. 239.
dle, and p the positive and n the P —>
negative ends of the uniting
wire. The galvanic current,
therefore, flows from p towardsw
m, or, the wire being parallel
with the needle, from the north
towards the south, as shown by
the diregtion of the arrow in the

re.

Now the wug i ;pe' being above thedreedle, the pole
N, which is towards the Xoéiti%é’ii&eﬂf‘tﬁe battery, willp:)le-
viate towards the east, and the needle will assume the direc-
tion N' §’. :

On the contrary, when the uniting wire is carried below the
needle, the galvanic current being in the same direction a¢
before, as shown by fig. 240, then the same, or north pole,
will deviate towards the west, or in the contrary direction from
the former, and the needle will assume the position N’ §°.

[

If the needle is staﬁonn?z, and the current flows from the north, what
n? Explain fig. 239. )
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987. When the uniting wire " Fig. M0
is situated in the same horizon- B
tal plane with: the needle, and is R

parallel 'to it, no movement
takes place towards the east or e ma
west ; but the needle dips, or the e .
end towards_the positive end of 7= 1 —>
the wire is depressed, when the
wire is on the east side, and ele-
vated when it is on the west side.

Thus, if the uniting wire p 2, - Fig. A1
fig. 241, is placed on the, east 0 L8
side of the needle N 8, and Paral- .. 4

lel to, and on a level with it==
then the north pole, N, being
towards the positive end of the
wire, will -be elevated, and the
needle will assume the position &
of the dotted needle N’ §’. But

if the wire be changed to the

western side, other circumstances being the same, then the

north pole will be depressed, and the needle will take the
direction of the dotted line N” 8. A

988. If the uniting wire, instead of being parallel to the
needle, be placed at right angles with it, that is, in the direc-
tion of east and west, and the needle brought near, whether
above or below the wire, then the pole is depressed when
the positive current is from the west, and elevated when jtis
from the east.

Thus, the pole 8, fig: 242, is elevated, the current of
positive electricity being from - Fig. 242.
p to n, that is, across the nee- P
dle from' the east towards the
west. If the-direction of the. .t
positive current s -syamged, ”
and made to flow from n to
p the other circumstances
being the same, the south ¥
pole of the needle will be de- -
pressed.

989. When the uniting wire, instead of being placed in a
horizontal position as in the last experiment, is placed ver-

Explain figures 240, 241, and 242.
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tically, either to the north Fig. 48,
or south of the needle, and »/
near its pole, as shown by
fig. 243, then if the lower
extremity of the wire re-
ceives the positive current,
as from p to n, the needle
will tumn its pole towards
the west. ?

If now the wire be made :
to cross the needle at a point about half way between the
pole and the middle, the same pole will deviate towards the
east. If the positive current be made to flow from the upper
end of the wire, all these phenomens, will be reversed.

Laws or ELEcTRO-MAGNETIC ACTION.

990. An examination of the facts which may be drawn i
from an attentive consideration of the above experiments, are
sufficient to show that the magnetic force which emanates
from the conducting wire, is different in its operation from
any other force in nature, with which philosophers had been
‘acquainted. ‘

991. This force does not act in a direction parallel to that

of the current which passes along the wire,  but its action
‘produces motion in a circular direction around the wire, that
18, in a direction at right angles to the radius, or in the di-
ection of the tangent to a circle described round the wire
in a plane perpendicular to it.” ’
- 992. In consequence of this circular current, which seems
to emanate from the regular polar currents of. the battel;’y.
the magnetic needle is made to assume the positions indi-
cated by the figures above described, and the effect of which
is, to change the direction of the needle from the magnetic
meridiag. mg(v!i:g it through the section of :f cill;cle ina dx;i
~-vegtion depending on relative position of the wire an
the conraepzf thegéfect?i: fluid. A'g;we ¢hall see hereafter
that there is a variety of methods by which this force can be
applied to produce a continued circular motion.

CrrcurLar Moriox or THE ELrcrro-MaeNeTIc FLUID,
993. We have already stated that the action of this fluid
produces motion in a circular direction. Thus, if we sup-

Explain figare 243. Does the magnaﬁc force of galvanism differ
ot
?

from any force before known, or n In what direction does this
force act, as it passes along the wire
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pose the conducting wire to be placed in a vertical situation,
es shown by fig. 244, Fig. 244.

and ? n,the current of -
positive electricity, to
- be descending through
it, from pto =, and if
through the point ¢ in
- the wire the plane N
N be taken, perpendi-
cular to p =, that is in
the present case a hori:
zontal plane, then if
any number of circles
be described in that :
plane, having ¢ for their l
common centre, the ac- :
tion of the current in the wire upon the north pole of the
magnet, Will be to move it in a direction corresponding to
the motion of the hands of a watch, having the dial towards
the positive pole of the battery. The arrows show the di-
rection of the current’s motion in the figure.

994. When the direction of the electrical current is re-
versed, the wire still having its vertical position, the direc-
tion of the circular action is also reversed, and the motion is
that of the hands of the watch moving backwards.

As the magnetic needle cannot perform entire revolutions
when it is crossed by the conducting wire, it becomes neces-
sary, in order to show clearly that such a circulation as we
have supposed actually exists, to describe moré clearly than
we have yet done, the means of demonstrating such an ac-
tion, and the corresponding motion.

995. Now the metals being conductors of the electric fluid, - .7

if we employ one through the substance of wh e mag- 3
netic needle can move, we sh
ing whether the flnid hagsthe circu on in question,

for then the needle will ‘have liberty to move in the direction
of the electrical current. - X

996. For this purpose mercury is well adapted, being 2
good conductor of electricity, and at the same’time €0 flui
as to allow a solid to circulate in it, or on its surface, with

Explain by fig. 244 in what direction the electro-magnetic fluid moves.
Why ;s 13e?rcury weh adapted to show the circular action of the gal-
vanic fluu

28+
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considerable facility. This, therefore, is the substance em-
ployed in these experiments.
Mzans or rrodpUCING ELECTRO-MAGNKETIC RoTATIONS

997. The continued revolution of one of the poles of a
et round a vertical conducting wire, may be produced
1n the following manner :—

The small glass cup, fig. 245, of which the right hand

cut is a section, is pierced _ Fig. 45 ¢
at the bottom for the ad-
mission of the crooked
. piece of copper wire d,
which is e to commu-
nicate with one of the poles
of a galvanic battery. To
the end of this wire, which
projects within the cup, is
attached by means of a
fine thread, the end of the
magnet a. The string
must be of such length as™
toallow the upper end of the magnet to reach nearly the top
zf the cup. The yertical wire ¢ is the positive pole of the
attery. -

998. Having made these preparations, fill the cup so full
of mercury as only to allow a small portion of the upper end
of the magnet to float above the surface, as shown in the
figure. Then, by means of a little frame, or otherwise, fix
the copper wire of the positive pole in the centre of the
mercury, letting it dip aYitt]e below the surface, and on con-

necting the negative pole with the wire d, the magnet will
revolve roundthe copper wire, and continue to do so as long

i'-,,mas the copnection between the two poles of the battery and

psbrolen.

ury vxgm . :
999. To insuté close contact between the poles of the bat-

tery and the mercury, the ends of the wires where they dip
into the mercury are amalgamated, which is done by means
of a little nitrate of mercury, or by rubbing them, being of
copper, ‘with the metal itself. .

Explain'ﬁg. 245, and show how the pole of a magnet may be made to
move in a circle. In these experiments, why are the ends of the con-
ducting wires amalgamated ? :
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RzvorurioN o¥ THE ConNpuoriNe WIRE ROUND THE
PoLe or THE MaeNET. .

1000. In the above example the wire is fixed, while the
electrical eurrent gives motion to the magnet. But this or-
der may be reversed, and the wire made to revolve. while
the magnet is stationary. .

1001. The apparatus for this pv,rgose is represented by
fig. 246, and consists of a shallow glass ;;lsp. with a tubu-
lar stem to hold the Fig. 246. :
mercury. In the stem,
as seen In the section on
the right, there is a
small . 'ctzﬁ‘per socket,
which is fixed there by
being fastened to a co
per plate below, whic
plate is cemented to the .
glass so that no mer-
cury can escape. This
plate is tinned and
amalgamated on the
under side, and stands
on another tplate, the
upper side of which is
also tinned and amal-
gamated, and. between
these the conducting wire passes, so as to insure a perfect
metallic continuity between the poles of the battery. ’

A strong cylindrical mainet is placed in tge copper
socket, with its upper end %o high as to reach a little all)’ove
the mercury when the cup is filled. The wire connected
with the pole of the battery, which dips into the mercury, is
suspended by means of loops, as seen in the figures.

1002. When the apparatus is thus arranged, and a com-
munication made through it, between the poles of the bar-
tery, the wire will revolve round the magnet with great ra-

1dity. .
d 1003. A more simple apparatus, ansgpring a similar pur-
pose, and in which the wire revolves very rapidly, with a
very small voltaicpower, is represented by fig. 247.

1004. It consists of a piece of glass tube, g g, the lower end
of which is closed by a cork, through which a small piece
of soft iron wire, m, is passed, 80 as to project above and below.

Explain fig. 946.




332 ELECTRO-MAGNETISM.

A httle merctry s then poured in' so as to
mage a channel between the wire and the glass
tabe. The upper orifice of the tube is also
closed by a cork, throngh which a piece of
copper wire, J, passes,andterminates in a loop.
Another piece of wire, ¢, is suspended from
this by a E)og, the end of which dips into the
meréury, and i§ amelgamated.

1005. In this arrangement, a temporary
magnet is formed of the soft iron wire, m g, by
the electrical fluid, and around which the g
moveable wire, ¢, revolves rapidly, changing
its direction, as usual, when the direction of
the current is changed. ‘

REVOLUTION OF A MAGNET ROUND ITS
OWN AXIS.

1006. After it was found that a conducting
wire might be made to revolve round a mag-
net, and a magnet round a conducting wire,
many attempts were made to obtain the rota- -
tion of a magnet and of a conductor around
their own axes. m

The rotation of a magnet on its axis may be accomplished
by means of galvanism, by the following method :—

1007. The eylindrical magnet, a,
fig. 248, terminates at its lower ex-
tremity in a sharp point, which rests
in a conical cavity of agate, so as
much as possible to avoid friction.
The vessel, the section of which is
here shown, may be of glass or
wood. The 3per end of the mag-
net is supported in the perpendicular
position by a thin slip of wood, pass-
ing across the upper part of the ves-
sel, and having an aperture through
it, of proper size.

1008. A piece ofquill is fitted on
the upper end of the magnet, and
rising a little above it, forms a cup
to hold a globule of mercury. Into
this mercury is inserted the lower
end of the wire ¢, which has a cup on

Explain figures 247 and 948.
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the top, containing mercury for the usual purpose. Theena

of the wire ¢ must be amalgamated, as also the termination
of the poles of the battery, which dip into the cups ¢ and d.
.A copper wire of considerable size pierces the bottom of the
vessel, and ends in the cup d, like the other, containing mer-
‘cury, in order to make the contact perfect.

ul'i’yhe vessel being now filled with mercury nearly up to a,
80 as to cover about one half the magnet, and the ends of the
galvanic poles inserted into the cups ¢ and d, the magnet be-
gins to revolve, and continues to do so as long as the con-
nection is unbroken. '

1009. In order to Yroduc_e the rotation of a magnet, it is
necessary that the electrical influence, in every instance,
should act only on one of the poles at the same time, because
the direction of the current on the two ends are contrary to
each other, and therefore the two forces would be neutral-
ized, and no motion be produced.

In the above experiment, the electrical current, having
passed the upper half of the magnet, is diffused in the mer-
cury in which the lower half is Fig. 249.

‘buried, and thus produces no
sensible effect upon 1it.

1010. Another method of pro- -
ducing the rotation of a mag-
net, is represented by fig. 249.
In this, a is a cylianica% mag-
net pointed at both ends, and run-
ning in an agate cup, which is
fixed on a stem rising from the
bottom of the stand. 1Its upper
point runs in a little cavity in the
end of the thumb screw 4, which
faases through the cap of the

rame-work of theapparatus. Near
the middle of the magnet, this
frame, which is of wood, supports
a shelf, on which rests the circu-
lar cistern of mercury, ¢, the mag-
net passing freely through the
centre of both. A cistern of
mercury, d, also surrounds the

. 'Toproduce the rotation of a %n&, on what part must the galvans
ism act? Why? Explain fig. 249, and show the course of the eleo
trical fluid from one cup to the other. .
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sower point of the magnet, and in the centre of which 1%

laced the agate cup. A piece of copper wire projecting
1nto the interior of these cisterns, terminates in a cup holding
mercury, for the purpose of effecting a communica-
tion with the galvanic battery, in the usual manner. A
small wire of copper, pointed, and amalgamated at the lower
end, is fastened to the magnet, and made to dip into each of
the cisterns of mercury, as seen in the figure.

1011. In this arrangement, the lower half of the magnet
only, forms a part of the galvanie circle, the fluid passing
in at one cup and-out at the other by the following routine,
which is apparent by the figure. Buppose the positive wire is
placed in the upper cup, then the circuit will be from the
cup along the wire to the mercury in the cistern, and from .
the mercury through the bent wire to the magnet—down the
magnet through the lower bent wire to the mercury, and
thence to the cup, and the negative pole of the battery.

When the galvanic current is thus established, the rota-
tion of the magnet begins, and if the points of the axis are
delicate, and the friction small, it will revolve rapidly.

ViBRATORY AND .RoTATORY MOTIONS PRODUCED BY
MEANS oF HorsE-sHOE MaGNETS.

1012. By the use of these magnets, both the magnetic
poles conspire to give the mofion. The influence of the two
poles being in contrary directions, and so near each other
that the wire or wheel placed between them are within the
magnetic currents of both, the effect appears to be, to forma
current at right angles to the vibrating wire. The wire be-
comes magnetic by the galvanic power, every time it touches
the mercury between the poles of the magnet, and conse-
quently is thrown backwards or forwards by the magnetic
current, according to its direction; hence, if the poles of the
battery are charged so as to carry the electricity in a con-
trary direction through the apparatus, the impulse on the
wire or wheel will also be changed to the opposite direc-
tion. If the poles of the magnet be changed, by turning it
. over, the same effect will be produced, and the wheel will
revolve in a contrary direction from:what it did before.

1013. Thus, if tl‘;e mhagnet be laid in the direction of
north and south, with the poles towards the north, the north
pole bejng on the east side, and the positive electricity be

How may the direction of the vibrating wire be changed 1
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sent thtou%)h the vibrating wire, upwards, then the vibrating
force will he towards the north ; but if either the poles ofthe
magnet or those of the battery be changed, the wire will be
thrown towards the south. A

ViBRATION oF A WIRE.

1014. A conducting topper wire, w, fig. 250, is suspend-
ed by a loop from a hook of the same metal, which™ passes
through an arm of metal or Fig. 250. .
wood, as seen in the cut. The :
upper end of the hook terminates
in the cup P, to contain mer-
cury. The lower end of the
copper wire just touches the
mercury, Q, contained in a lit-
tle trough about an inch long,
formed in the wood on which
the horse-shoe magnet, M, is
laid, the mercury being equally
distant from the two poles.

) The cup, N, has a stem of

wire, which passes through the
wood of the platform into the
mercury, this end of the wire
being tioned, or amalgamated,
80 as to form a perfect contact.

1015. Having thus prepared
the apparatus, put a little mercury into the cups P and N,
and then form the galvanic circuit by placing the poles of
the battery in the two cups, and if every thingvis as it
should be, the wire will begin to vibrate, being thrown with
considerable force either towards M or Q, according to the
. position of the magnetic poles, or the direction of the cur-
rent, as already explained. In either case it is thrown out
of the mercury, and the galvanic circuit being thus broken,
the effect ceases until the wire falls back again_ by its ewn”
weight, and touches the mercury, whep the current being
again perfected, the same inflaeerag is repeated, and the wire
is again thrown away+rom the mercury, and thus the vibra-
to'r"l,‘ motion becomes constant.

his forms an easy and beautiful electro-magnetic exper-
ment, and may be made by any one of common ingenuity,

Expl;in fig. 250, and describe the course :)f the electric fluid from
one cup to the other
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who possesses a galvanic battery, even of small power, and
a good horse-shoe magnet.

1016. The Elatform may be nothing more than a piece of
pine board eight inches long and six wide, with two sticks
of the same wood, forming a standard and arm for suspend-
ing the vibrating wire. The cups may be made of percus-
sion caps; exploded, and soldered to the ends of pieces of cop-
per bell wire.

1017. The wire must be nicely adjusted with respect to
the mercury, for if it strikes too deep, or is too far from the
surface, no vibrations will take place. It ought to come o
near the mercury as to produce a spark of electrical fire, as
it passes the surface, at every vibration, in which case it may
be known that the whole apparatus is well arranged. The
vibrating wire must be pointed and amalgamatéd, and may
be of any length, from a few inches to a foot or two.

RoraTioN oF A WHEEL.

1018. The same force which throws the wire away from
the mercury, will cause the rotation of a spur-wheel. For
this puirpose the conducting wire, Fig. 251.
instead of being suspended as in
the former experiment, must be
fixed firmly to the arm, as shown
by fig. 251. A support for the
axis of the wheel may be made
by soldering a short piece to the
side of the conducting wire, so
as to make the form of a fork,
the lowet ends of which must be
flattened with a hammer, and
pierced with fine orifices, to re-
ceive the ends of the axis.

1019. The apparatus for a
revolving wheel 1s in every re-
spec like that already described
for the vibrating wirey except inf
that above noticed. The #heel
may be made of brass or copper, -
but must be thin and light, and so suspended as to move
freely and easily. The points of the notches must be amal-

4

How must the points of the vibrating wire be adjusted in order to
act? Explain fig.251. In what manner may:the points of the spur
wheel be amalgamated ?



ELECTRO-MAGNETISM. ‘337

gamated, which is done m a few minutes, by placing the
wheel on a flat surface, and rubbing them with mercury by
means of a cork. A little diluted acid from the galvanic
battery will facilitate the process. The wheel may be from
half an inch to several inches in diameter. A cent ham-
mered thin, which may be done by heating it two or three
times during the process, and then made perfectly round,
and its diameter cut into notches with a file, will answer
- every purpose.

1020. This affords a striking and novel e.xﬁerimem; for
when every thing is properly adjusted, the wheel instantly
begins to revolve by touching with one of the wires of the
battery the mercury in the cup P or N.

‘When the poles of the magnet, or those of the battery, are
changed, the wheel instantly revolves in a contrary direction
from what it did before.

1021. It is, however, not absolutely necessary to divide
the wheel into notches, or rays, in order to make it revolve,
thongh the motion is more rapid, and the experiment suc-
«ceeds much better by doing so. .

REVOLUTION OF TWo WHEELS.

1022. If two wheels be arranged as represented by fig
252, they will both re- Fig. 252.
volve by the same elec-
trical current. Eachp
horse-shoe magnet has
its trough of mercury.
The magnets have been -
omitted in the drawing, but are to be placed precisely as in
the last figure. The electrical communication is to be made
throngh the cups of mercury, P and N, and its course is as
follows :—F'rom the cup it passes into the mercury; from
the mercury through the radii to the axis of the wheel, and
alllong the axis tg the other wheel, down which, it passes te
the mercury, and so to the other cups, and to the opposite
pol; l?f thelg'attery. : : ppos

e poles of the -magdets for this experiment, must be
opposed to each other. pe "
Etxcrro-MaeNETIC INDUCTION.

1023. Experiment proves that the passage of the gal-
vanic eurrent through a copper wire renders iron magnetic

Explain fig. 252, and show how two wheels may be made to revolve
by the same current.
]
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when in the vicinity of the current. This is called mag
netic induction. od

1024. The apparatus for this purpose is represented b;
fig. 253, and consists of P rpFis- 2%3. y
a copper wire coiled, by X
winding it around a
piece of wood. The
turns of the wire should
be close together for
actual experiment, they °
being parted in the figure to show the place of the iron to
be magnetized. The best method is, to place the coiled
wire, which is called an electrical keliz, in a glass tube, the
two ends of the wire of course projecting. Then placing
the body to be magnetized witﬁin the folds, send tﬁe gal-
vanic influence through the whole, by placing the poles of
the battery in the cups.

1025. Steel thus becomes permanently magnetic, the
poles, however, changing as often as the fluid is sent through
itin a contrary direction. A piece of watch-spring placed in
the helix, and then suspended, will exhibit polarity, but if
its position be reversed in the helix, and the current again
sept through it, the north pole will become south. If one
blade of a knife be put into ane end of the helix, it will re-
pel the north pole of a magnetic needle, and attract the
south ; and if the other blade be placed in the opposite end
of the helix, it will attract the north pole, amf repel the
south, of the needle. )

1026. Temporary Magnets—Temporary magnets, of al-
most any power, may be made by winding a thick piece
of soft iron with many coils of insulated copper wire.

The best form of a magnet for this purpose is that of a
horse-shoe, and wkich may be made in a few minutes by

S -

//

" . heating and bending a piece of cylinder iron, an inch or

two in diameter, into this form.

1027. The copper wire (bell wire) may be insulated b
winding it with cotton thread. If thjg cannot be procured,
common bonnet wire will do, though it makes less powerful
magnets than copper.

‘What is meant by magnetic induction 7 Explain fig. 263. What is
this figure called 7 Does any substance become permanently magnetic
by the action of the electrical helix? How may the poles of a magnet
be changed by the helix 7 How may temporary magnets be made
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1028. The coils of wire may begin near one pole of the
magnet and terminate near the other, as represented by fig.
. 264,

254, or the wire may Fig.
consist of shorter pieces 77
wound over each other,

on any part of the mag-
net. In either case, the
ends of the wire, where

" several pieces are used,
must be soldered to two .
strips of tinned. sheet
copper, for the com-g
- bined positive and nega-
tive poles of the wires.
To form the magnet,
these pieces of copper
are made to communi-
cate with the poles of
the battery, by means -

of cups containing mercury, as shown in the figure, or by
any other method.

1029. The effect is surprising, for on completing the cir-
cuit with a piece of iron an inch in diameter, in the proper
form, and properly wound, a man will find it difficult to pull”
off the armature from the poles ; but on displacing one of the
galvanic poles, the attraction ceases instantly, and the man,
if not carefal, will fall backwards, taking the armature with
him. Magnets have been eonstructed in this manner, which
would suspend two or three thousand pounds.

1030. GarvaNic BarTery.—One of the most con-
venient forms of & galvanic battery for the experiments
above described, is represented by fig. 255. It consists of
two concentric cy]imfers, of sheet copper, soldered to the
same bottom. The diameter of the outer cylinder may be
six inches, and the inner one four and a half inches. The
height may be a foot or more. Between these cylinders
of copper is placed one of zinc, but so as not to touch
them nor the bottom.  This is best done by tying three or
four pieces of pine lengthwise to the zinc cylinder, letting
them project harf an inch below the bottom.> By this ar-
rangement the zinc can be taken from the acid, or plunged

For what purpose are the ends of the wires to be soldered to pieces ™
of copper ?
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nto it, at any moment. Another Fig. 985
cylinder of zinc within the N
smaller one of copper may be I
added, to increase the power,‘
when a single one is found in-
sufficient. This must have a
metallic connection with the
other zinc cylinder.

1031. The cups P N are the
positive and negative sides of
the battery.  The best way of
forming this part of the appara-
tus is to solder a slip of tinned
copper to the inside of the cop-

_per cylinder, and another to the

zinc, as shown in the plate.
The outer ends of these may
readily be formed into cups by
cutting the copper slip one third in two on each side, then
turning this part at right angles with the other, and rolling
what were the outer edges together, and soldering them.
Such a battery is ample for all the experiments we have
described. ’
1032. A cheap and convenient liquid for the batterr con-
sists of water saturated with commen salt, with a little sul-
phuric acid, say an ounce or two to a quart.

Describe the battery fig. 255. Which is the positive, and which the
negative metal 3







o




YB 25985

T8982
G C !

THE UNIVERSITY OF CALIFORNIA LIBRARY






